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PARAGRAPHS FOR THE TEACHER 

The purpose of this book is to lead the pupil to an 
understanding cf the vegetation oi his neighborhood. 

There are lour general subjects in the book: the 
nature of the plant itself; the relation of the plant 
to its surroundings; histological studies; determination 
of the kinds of plants. From the pedagogical point 
of view, the third is the least important: the writer 
has inserted it because so many schools want it. Each 
of the subjects is practically distinct, so tiiat the 
teacher may begin where he will. Few schools will 
desire to pursue all the four parts. 

The notes in small type at the ends of the chap- 
ters are intended as suggestions and to supply infor- 
mation to teachers: they are not necessarily for class 
use. The ^'Notes^^ suggest additional experiments and 
corollary observations. 

:ic He * )ic 4: 

The schools and the teachers are not ready for the 
text-book that presents the subject from the view- 
point of botanical science. Perhaps it is better that 
the secondary schools attempt only to teach plants. 

A book may be ideal from the specialist’s point of 
view, and yet be of little use to the pupil and the 
school. 

Every statement in an elementary text-book has 
two values, — the teaching value and the scientific 
value. An elementary text exists primarily for the 

(v) 
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purpose of teaching; and good teaching results in 
quickened perception rather than in accumulation of 
facts.- 

The pupil should come at first to the study of plants 
and animals with little more than his natural and native 
powers. Study with the compound microscope is a 
specialization to be made when the pupil has had 
experience, and when his judgment and sense of 
relationships are trained. 

One of the first essential conceptions to the study 
of natural history is the fact that no two things are 
alike. This leads to the understanding that every 
animal and plant contends for an opportunity to live; 
and this is the central fact in the study of living things. 
The world has a new meaning when this fact is 
understood. 

The ninety and nine cannot and should not be 
botanists, but everyone can love plants and nature. 
Every person is interested in the evident things, few 
in the abstruse and recondite. Education should train 
persons to live; rather than to be scientists. 

Now and then a pupil develops a love of science 
for science’s sake. He would be an investigator. He 
would add to the sum of human knowledge. He should 
be encouraged. There are colleges and imiversities in 
which he may continue his studies. 

In the secondary schools, botany should be taught 
for the purpose of bringing the pupil closer to the 
things with which he lives, of widening his horizon, 
of intensifying his hold on life. It should begin with 
familiar plant forms and phenomena. It should be 
related to the experiences of the daily life. It should 
not be taught for the purpose of making the pupil 
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a specialist: that effort should be retained for the few 
who develop a taste for special knowledge. It is often 
said that the high-school pupil should begin the study 
of botany with the lowest and simplest forms of life. 
This is an error. The microscope is not an introduc- 
tion to nature. It is said that the physiology of plants 
can be best understood by beginning with the lower 
forms. This may be true: but technical plant phj'^siol- 
ogy is not a subject for the beginner. Other subjects 
are more important. 

The youth is by nature a generalist. He should 
not be forced to be a specialist. 

4: 4: * >N * 

A great difficulty in the teaching of botany is to 
determine what are the most profitable topics for con- 
sideration. The trouble with much of the teaching is 
that it attempts to go too far, and the subjects have 
no connection with the pupil’s experience. 

Good botanical teaching for the young is replete 
with human interest. It is connected with the comnaon 
associations. 

The teacher often hesitates to teach botany because 
of lack of technical knowledge of the subject. This 
is well; but technical knowledge of the subject does 
not make a good teacher. Expert specialists are so 
likely to go into mere details and to pursue particu- 
lar subjects sn far, when teaching beginners, as to miss 
the leading and emphatic points. They are so cogni- 
zant of exceptions to every rule that they qualify their 
statements until the statements have no force. There 
are other ideals than those of mere accuracy. In other 
words, it is more important that the teacher be a 
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good teacher than a good botanist. One may be so 
exact that his words mean nothing. But being a good 
botanist does not spoil a good teacher; and the ideal 
teacher is one who has careful knowledge and knows 
how to teach. 

An imperfect method that is adapted to one’s use 
is better than a perfect method that cannot be used. 
Some school laboratories are so perfect that they dis- 
courage the pupil in making inquiries when thrown 
on his own resources. Imperfect equipment often 
encourages ingenuity and originality. A good teacher 
is better than all the laboratories and apparatus. 

Good teaching devolves on the personality and 
enthusiasm of the teacher; but subject-matter is a 
prime requisite. The teacher should know more than 
he attempts to teach. Every teacher should have 
access to the current botanical books. The school 
library should contain these books. By consulting the 
new books the teacher keeps abreast of the latest 
opinion and points of view. 

:]c He 

When beginning to teach plants, think more of 
the pupil than of botany. The pupil’s mind and sym- 
pathies are to be expanded: the science of botany is 
not to be extended. The teacher who thinks first of 
his subject teaches science; he who thinks first of his 
pupil teaches nature-study. 

Teach first the things nearest to hand. When the 
pupil has seen the common, he may be introduced to 
the rare and distant. We live in the midst of common 
things. 

The old way of teaching botany was to teach the 
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forms and the names of plants. It is now proposed 
that only function be taught. But one cannot study 
function intelligently without some knowledge of plant 
forms and names. He must kimw the language of the 
subject. The study of form and function should go 
together. Correlate what a plant is with what it does. 
What is this pan ? What is its office, or how did it 
come to be? What are its relations? It were a pity to 
teach phyllotaxy without teaching light-relation: it 
were an equal pit^ to teach light-relation without 
teaching phyllotaxy. 

4c H: He Hi 

Four epochs can be traced in the teaching of ele- 
mentary botany: (1) The effort to know the names of 
plants and to classify. This was the outgrowth of the 
earlier aspect of plant knowledge, when it was neces- 
sary to make an inventory of the things in the world. 
(2) The desire to know the formal names of the parts 
of plants. This was an outgrowth of the study of gross 
morphology. Botanies came to be dictionaries of 
technical terms. (3) The effort to develop the powers 
of independent investigation. This was largely a result 
of the German laboratory system, w^hich developed the 
trained specialist investigator. It emphasized the 
value of the compound microscope and other appa- 
ratus. This method is of the greatest service to botani- 
cal science and to mankind, but its introduction into 
the secondary schools is usually unfortunate. (4) The 
effort to know the plant as a complete organism liv- 
ing its own life in a natural way. In the beginning of 
this epoch we are now living. 
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There is a general protest against the teaching of 
“big names” to pupils; but the pupil does not object 
to technical terms if he acquires them when he learns 
the object to which they belong, as he acquires other 
language. When a part is discovered, the name becomes 
a necessity, and is not easily forgotten. He should be 
taught not to memorize the names. The “hard” 
words of today are the familiar words of tomorrow. 
There are no words in this book harder than chrysan- 
themum, thermometer, and hippopotamus. 

The book should be a guide to the plant: the plant 
should be a guide to the book. 

Plants should not be personified or endowed out- 
right with motives; but figures of speech and para- 
bles may often be employed to teach a lesson or to 
drive home a point. 

Excite the pupil’s interest rather than his wonder. 

The better the teacher, the less he will confine him- 
self to the questions at the end of the lesson. 

Botany always should be taught by the “laboratory 
method:” that is, the pupil should work out the sub- 
jects directly from the specimens themselves. It is 
easy, however, to carry the laboratory method too 
far. With beginners, it is rarely good teaching merely 
to set a young pupil a task, expecting him to work 
it out. The pupil needs suggestions, help, and the 
enthusiasm inspired by a good teacher. 

Specimens mean more to the pupil when he collects 
them. 

No matter how commonplace the subject, a speci- 
men will vivify it and fix it in the pupil’s mind. 

A living, growing plant is worth a score of herba- 
rium specimens. 
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Every opportunity should be taken to send the 
pupils to the fields to see tne plants naturally as they 
grow. 

Remember that garden plants and field crops are 
as “botauical’' and as well worth the attention of 
botanists as are wild plants. 

:|c 4: * 4: »ic 

Many persons have aided in the making of this book 
as it has gone through its various editions In this 
present revision the author has had the help of Lewis 
Knudson, Assistant Professor of Plant Physiology, and 
acting head of the department, in the New York State 
College of Agriculture at Cornell University, assisted 
by M. F. Barrus, Assistant Professor of Plant Pathology 
in the same institution, who have reviewed the work 
from first to last with much care. 


Ithaca, New York, 
May 20, 1913. 


L. H. BAILEY. 
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PART I-TllE PLANT ITSELF 


CHAPTER I 

THE PLANT AS A WHOLE 

A' 

1. A plant is a living,, growing thing. It partakes of ‘ 
the soil and air and sunshine. It propagates its kind and 
covers the face of the earth. It has much wi^h which to 
contend. It makes the most of every opportunity. We 
shall learn its parts, how it lives, and how it responds. 

2. The Parts of a Plant. — Our familiar plants are made 
up of several distinct parts. The most prominent of these 
parts are root, stem, leaf, flower, fruit and seed. (Fig. 2.) 
[familiar plants differ wonderfully in size and shape, — from 
fragile mu.shrooms, delicate water-weeds and pond-scums, 
to floating leaves, soft grasses, 
coarse weeds, tall bushes, 
slender climbers, gigantic 
trees, and hanging nfcss. See 
frontispiece. 

3. The Stem Part. — In 
most of the familiar plants 
there is a main central part 
or shaft on which the other 
or secondary parts are borne. 

This main part is the plant 
axis. Above ground, in famil- 
iar plants, the axis bears 

( 1 ) 



2. The parts of a plant, — ^root, stem« 
leaves, pods (or fruit, following the 
flower). Bean. 


A 
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the branches, leaves and flowers; below ground, it bears 
the roots. 

4. The rigid part of the plant, which persists over win- 
ter and which is left after leaves and flowers are fallen, is 
the framework of the plant. The framework is composed 
of both root and stem. When the plant is dead, the frame- 
work remains for a time, but it slowly decays. The dry 
winter stems trf weeds are the upper part of the framework or 
skeleton of the plant. (Figs. 3, 4.) The framework of trees 
is the most conspicuous part of the plant. 

5. The Root Part. — The root bears the stem at its apex, 
but otherwise it normally bears only root-branches. The 
stem, however, bears leaves, flowers and fruits. Those 
living surfaces of the plant that are most exposed to light 
are green or highly colored. The root tends to grow down- 
ward, but the stem tends to grow upward toward light. 
The plant is anchored or fixed in the soil by the roots. 

6. The Foliage Part. — The leaves precede the flowers 
in point of time or in the life of the plant, although the flow- 
ers may come first in the season (note that peach trees 
bloom before they leaf). The flowers always precede the 
fruits and seeds. Many plants die when the seeds hate 
matured. The whole mass of leaves of any plant or any 
branch is known as its foliage, 

7. The Plant Generation. — ^The course of a plant’s 
life, with all the events through which the plant naturally 
passes, is known as the plant’s life-history. The life-history 
embraces various stages or epochs, as dormant seedy germi- 
nationy growthy floweringy fruiting. Some plants run their 
course in a few weeks or months, and some live for centuries. 

8. The entire life-period of a plant is called a generation. 
It is the whole period from birth to normal death, without 
reference to the various stages or events through which 
it passes. 

9. A generation begins with the young seed, not with 
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germination. It ends with death — that is, when no life is 
left in any part of the plant, and only the seed, or spore 
remains to perpetuate the kind. In a bulbous plant, as a 
lily or an onion, the generation does nc> end until the bulb 
dies, even though the top is dead. 

10. When the generation is of only one season's duration, 
the plant is said to be annual. 

When it is of two seasons, it 
is biennial. Biennials usually 
bloom the second year. When 
of three or more seasons, the 
plant is perennial Examples 
of annuals are pigweed, bean, 
pea, garden sunflower, maize; 
of biennials, evening primrose, 
mullein, teasel, parsnip, carrot; 
of perennials, dock, meadow 
grass, alfalfa, cat-tail, and all 
shrubs and trees. The bien- 
nial and perennial weeds 
are the most difficult to 
eradicate. 

11. Duration of the 
Plant Body. — Plant struc- 
tures that are more or less 
soft and that die at the 

, * - Bunflcwer. 

close of the season are said 
to be herbaceous, in contradistinction to being ligneous or 
woody. A plant that is herbaceous to the ground is called 
an herb; but an herb may have a woody or perennial root, 
in which case it is called an herbaceous perennial. Annual 
plants are classed as herbs. Examples of herbaceous per- 
ennials are buttercup, bleeding-heart, violet, water-lily, 
many grasses, dock, dandelion, goldenrod, asparagus, 
rhubarb, many vnld sunflowers (Figs. 3, 4). 
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12. Many herbaceous perennials have short generations^ 
They become weak with one or two seasons of flowering 
and gradually die out. Thus common red clover begins to 
fail after the second year. Gardeners know that the best 
bloom of hollyhock, larkspur, pink, and many other 
plants, is secured when the plants are only two or three 
years old. 

13. Herbaceous perennials that die away each season 
to bulbs, corms or tubers, are sometimes called pseud-annuals 
(that is, false annuals). Of such are lily, crocus, onion, 

potato. 





14. Plants that 
are normally peren- 
nial may become 
annual in a short ( t- 
season climate by 
being killed by 
frost, rather than 
by dying naturally 
at the end of a 
season of growth. 
Such plants are 
called plur-annuals 
in the short -season 
region. Many 
warm -region per- 
ennials are plur- 


5. A shrub or bush. Oogrw’ood osicsr. 

annuals when grown in the North, but they are treated as 
true annuals because they ripen sufficient of their crop the 
same season in which the seeds are sown to make them 
worth cultivating, as tomato, red pepper, castor-bean. 

15. Woody or ligneous plants are usually longer lived 
than herbs. Those that remain low and produce several 
or many similar shoots from the base are called shrubs, as 
JiJac, rose, elder, osier. (Fig. 5.) Low and thick shrubs are 
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-. ) which 

there 

TtiCl ^-y --i 4' srow. 

alike. 


. V> . hush 2 c^, pJauts that produce one 

main trunk and a more or less 
/ • elevated h^^ad :^re trees, (Fig. 6 ) 

''-■ Modified by the 

■' Conditions in Which They Grow.— 

'■ ' most plants, the si^j, form 
^ ‘ general appearance var^v or 
- with the conditions in 

\^hieh the plant grows. That is, 

" ^ there is no uniform or necessary 

shall 

-I .grow. No two plants are exactly 

■ " alike. Observe plants oi the same 

kind and age, and tsec^ how they 

' differ or vary. The farmer and 

0. A Tree. The wet piii^r hirdi. i i i . i 

gardener can cause plants to be 
large or small of their kind, by changing the conditions or 
circumstances under which they grow'. 

17. No two parts of the same plant are exactly alike. 
No two parts grow in the same conditions, for one is nearer 
the main stem, one nearer the light, and another has more 
room. Try to find two leaves or two branches on the same 
plant that are exactly alike. (Fig. 7.) 

18. Every plant makes an effort to propagate or to per- 


0. A Tree. The weeping hirdi. 


petuate its kind; and 
so far as we can see, 
this is the end for 
which the plant itself 
lives. The seed or 
spore is the final pro- 
duct of the plant. 

19. Every plant, 
— and every part of 
a plant — undergoes 
vicissitudes. Every 
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plant is so constituted as to withstand the diverse condi- 
tions of the circumstances in which it is placed. The plant 
contends for place in which to grow, and for air and light. 
Its life is eventful. Every plant, therefore, has a history. 

! 

REViEW.“~Of what parts is a plant composed? What is the axis? 
What parts are borne on the stem? On the root? On what part are the 
mostly highly colored parts found? What direction does the root take? 
The stem? How are plants anchored in the earth? In what order do 
the different parts appear? What is meant by the life-history? What 
are some of the stages or events in the life-history? .At what point 
does a generation begin? When end? By what means does the next 
generation begin? What is an annual? Biennial? Perennial? Herb- 
aceous perennial? Pseud-annual? Shrub? Bush? Tree? Give three 
examples of each of these classes, not mentioning any given in the book. 

What is a plur-annual? Why are no two parts or plants exactly 
alike? What is the final effort of every plant? Why is the life of a plant 
eventful? 

Note. — ^The teacher may assign each pupil to one plant in the 
school-yard, field, garden, or in a pot, and ask him to bring out the 
points in the lesson. 
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20. Tlie Root System — The offices of tlie root are to 
hold the plant in place, and to absorb water and mineral 
substances. Not all roots, howe'^^ei , absorb water and mineral 
nutrients. 

21. The entire mass of roots of any plant is called its 
root sydem. The root system may be annual, b’ennial or 
peremiial, herbaceous or 
woody, deep or shallo\\, 
large or small. 

22. Kinds of Roots. — 

A strong leading central, 
root, which runs directly 
downwards, is a Uip-rooL 
The side or spreading roots are usually 
smaller. Plants that have such a root 
system are said to be tap-rooted. 

Examples are red clover, beet, turnip, 
radish, burdock, dandelion, alfalfa. 

(Fig. 8.) 

23. A fibrous root system is one that 
is composed of many nearly equal, slen- 
der branches. The greater number of 
plants have fibrous roots. Examples 
aremany common grasses, wheat, oats, 
com, and most trees. The bean in 
Fig. 2 has a fibrous root system. 

24. Shape and Extent of the Root System. — The depth 
to which roots extend depends on the kind of plant and the 

( 7 ) 



. 8. Tap-it)ot 
A. of Uie 
dandelion. 
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nature of the soil. Of most plants the roots extend far in all 
directions and lie comparatively near the • surface. The 

roots usually radiate from a 
common point just beneath 
th(i surface of the ground. 

25. The roots may be of 
considerable extent, ramify- 
ing in the soil, and often 
extending much farther in 
all directions than the spread 
of the top of th(' plant. 
Roots tend to spread farther 
in poor soil than in rich 
soil. The root has no such 
definite form as the stem has. 
Roots are usually very 
crooked, because they are 
constantly turned aside by 
obstacles. Examine roots in 
stony or gravelly soil. 

26. The extent of root 
surface is usually very large, 
for the absorbing roots are 

fine and very numerous. An ordinary plant of Indian corn 
may have a total length of root (measured as if the roots 



9. The abundant roots of maize. Note 
that the root branches ore much more 
numerous than the leaves. 


were placed end to end) of hundreds . 

27. The finest feeding roots are in 
the richest soils. It is commonly stated flHym 
that they are attracted by the ^ 
nutrients of the soil. This is 

may grow toward a supply of \ 

water. Notice that in a moist ' ' 




soil the roots are short; in a 


10. The bracing buttresses of 
a field pine. 
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diy soil they axe usually long. Rooi« ot the willow run into 
wells and drains and into the tnargins ot creeks and pouds. 
Roots frequently cause trouolo by 
clogging drain-pipes. Clrow plants in a ! 

long, narrc'W ])ux. in one end of which 
the earth is kept ver\ d-y and in the other 
moist: ubservc when die roots grow. 

28. The absorbing surface (»f the roots 
is near thc'ir ends. As the roots become 
old and bard, th(^y servr* only as channels 
through wliich water and substances in 
solution pass, and as hold- 
fasts or suppoHs for the 
plant. The root-hold of a 
plant is very stong. Slowly 
pull upwards on some plant, 
and note how firmly it is 
anchored in the' earth. With 
the increase in diameter, the 
upper roots often protrude 
above the ground and be- 
come bracing buttresses. 

These buttrr^sscs are usu- 





^of tSf°radSb^ ally largest in trees that 


always have been exposcnl to strong winds. 
(Fig‘ 10.) 

29. The Root-hairs. — The larger part 
of the water and mineral nutrients ab- 
sorbed by the root is taken in through 
root-hairs. (Fig. 11.) These are very del- 
icate prolonged surface cells of the 
roots. They are borne for a short dis- 
tance just back of the tip of the root. 

30. The root-hairs are very _.smi^,ll, 
often invisible. They, and the young 


12. Aerial roots of 
triinipet creeper or 
teconia. 
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roots, are usually broken off when the plant is pulled up. 
They are best seen when seeds are germinated between 
layers of dark blotting-paper or flannel. On the young 
roots, they will be seen as a mould-like or gossamer-like 



covering. Root-hairs soon die: they do not grow into roots. 
New hairs form as the root grows. 

31. Aerial Roots. — ^Although most roots grow in the 
earth, there are some that grow above ground. These usually 
occur on climbing plants, the roots becoming supports or 
fulfilling the office of tendrils. These aerial roots usually 
grow away from the light, and therefore enter the crevice^ 
and dark places of the wall or tree over which the plant 
climbs. The trumpet-creeper (Fig. 12), true or English ivy, 
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and poison ivy climb by means of roots. The roots often 
remain on the wall or other support after the plant is torn off. 

32. In some plants, all the roots are aerial; that is, the 
plant grows above ground, and the lOots absorb water from 
the air and from the hark of the tree on which they grow. 
Such plants are knowm as epiphytes or air-plants (Jhapter 
XV). The most familiar examples are some of the tropical 
orchids, which are grown in glasshouses. (Fig. 13.) 

33. Some plants throw out aerial root^, that propagate 
the plant or act as braces. The roots of Indian corn are 



many trunks formed from the afirial roots. 


familiar. (Fig. 14.) Many ficus trees, as the banyan of India 
(Fig. 15), send out roots from their branches; when these 
roots reach the ground they take hold and become great 
trunks, thus spreading the top of the parent tree over large 
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areas. The mangrove tree (Fig. 16 ) of the tropics grows 
along seashores and sends down roots from overhanging 
branches into the shallow water, and thereby gradually 

marches into the sea. 
The tangled mass behind 
catches the drift, and soil 
is formed. 

Review. — What is the 
root for? What is a root 
system? Define ta[) - root. 
Fibrous root. What dettT- 
mines how deep the root 
ma3^ Ko? How far does the 
root, spread? Explain what 
form the root system may 
assume; also what extent. 
Where is the greatest number 
of fine roots found? Where 
is the absorbing surface of 
roots? Of what use to the 
plant are the old woody roots? 
What arc root-hairs? What 
do they do and what becomes 
of them? What are aerial 
roots? Where found? What are epiphytes, and whore do their roots 
grow? What are brac.c roots? How do the banyan and mangrove spread 
(aside from seeds)? 

Note. — The pupil should see the root-hairs. A week before this 
lesson is studied, the pupil should place seeds of radish, turnip or cab- 
bage between folds of thii^k cloth or blotting-paper. Keep the cloth or 
paper moist and warm. The hairs show best against a dark back- 
ground. In some of the blotting-papers, sprinkle sand: observe how 
the root-hairs cling to the grains ((iompare Chapter XII). 

The pupil also should st udy the root-hold of a jdant. Let him care- 
fully pull up a plant. If a plant grows alongside a fence or other rigid 
object, he may test the root-hold by securing a string to the plant, 
letting the string hang over the fence and then adding weights to the 
string. Will a stake of similar siz(‘ to the plant and extending no deeper 
in the ground, have such firm hold on the soil? 



1 G. Mangroves marching into the aea. 


CHAPTER Til 

THE STEM 


34. The Stem System. — The stem of a plant is the 
part that bears the buds, leaves, flowers and fruits. Its ofliee 
is to hold up these pL.rts to the light and air; and through 
its tissues the various food-mat(^rials and nutrients in solu- 
tion in water are distributed 
to the parts of the plan^ 

35. The entire mass or fabric 
of stems of any plant is called 
its stem system. (Figs. 4, 17.) 
The stem system may b*' her- 

r, baceous or woody, annual, bien- 
nial, or perennial; and it may 
assume many different sizes and 
shapes. (Paragraphs 11 to 13.) 

36. St('ms are of many forms. 
The gen(^ral way in which a 
plant grows is called its hahit. 
The habit is the appearance or 

looks. Its habit may be opcm or loose, dense, straight, 
crooked, compact, straggling, climbing, erect, weak, strong, 
and the like. The roots and leav(*s are the important func- 
tional or working parts : the stem men iy connects them, 
and its form is exceedingly variable. 

37. Kinds of Stems. — The stem may be so short as to 
be scarcely distinguishable. In such cases the crown of the 
plant — that part just at the surface of the ground — bears 
the leaves and flowers; but this crown is really a very short 
stem. The dandelion (Fig. 8) is an example. Such plants 

( 13 ) 



17 . 


Stem system of an apple tree. 
Deliquescent trunk. 
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18t A trailing plant (Abronia, grown in flower-gardens). 


are often said to be stemless, however, in order to distin- 
guish them from plants that have long or conspicuous 
stems. These so-called stemless plants die to the ground 
every year. 

’ 38. Stems are erect when they grow 
straight up. (Figs. 3, 9.) They are 
trailing or creeping when they run 
along on the ground. (Fig. 18.) They 
are decumbent when they lop over to 
the ground. 
They arc ascend- 
ing when they 
lie mostly or in 
part on the 
ground but stand 
more or less up- 
right at their 
ends. They are climbing when they cling to other rising 
objects for support. (Fig. 12.) 

39. Trees in which the main trunk or the ‘‘leader” 
continues to grow from its tip are said to be excurrent in 
growth. The branches are borne along 
the sides of the trunk, as in common 
pines (Fig. 19) and spruces. Excurrent 
means “running out” or “running up.” 

40. Trees in which the main trunk 
does not continue are said to be deliques- k 
cent The branches arise from one com- , 
mon point or from each other. The stem 
is lost in the branches. The apple tree 
(Fig. 17), maple, elm, oak, are familiar 
examples. Deliquescent means “dissolv- 
ing” or “melting away.” 

41. Each kind of plant has its own 
peculiar habit or direction of growth. 



-a 


19. Excurrent trunk. 
k pine. 
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Spruces always grow to a singl#" stem 
or trunk, pear trees are always deli- 
quescent, morning-glories are always 
climbing, strawberries are always 
creeping. We do not know why each 
plant has its own habit, but the habit 
is in some way associated with the 
plant^s genealogy or with the way in 
which it has been obliged to live. 

42. The stem 




21. Branched stem of alfalfa. 


may be simple or 
h andled, (Figs. 20, 

21.) A simple stem 
usually grows from ■! 
the terminal bud, 20. Sunple stems of orghum. 

^ and side branches either do not start, or, 
if they start, they soon perish. Mul- 
leins are usually simple. So are 
palms. 

43. Branched stems may be of 
„ very different habit and shape. 

systems are narrow and 
erect: these are said to be stricL 
Others are diffuse, open, branchy, 
twiggy. 

44. Stems vs. Roots. — Roots 
sometimes grow above ground (31- 

7 33); so, also, stt^ms sometimes grow 

underground, and they are then 
known as subterranean sterns^ rhU 
zomeSj or rootstocks, (Figs. 22, 23.) 

. 45. Stems normally bear leaves 

J and buds, and thereby are they dis- 

¥ tinguished from roots. The leaves, 

am of alfalfa, howcvcr, may be reduced to mere 
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22. Wintorgreen, 
showing rootstock 


scales, and the buds beneath them may be 
scarcely visible. Thus the ^^eyes^^ on an Irish 
potato are cavities with a bud or buds at the 
bottom. (Fig. 24.) Sweet potatoes have no 
evident ^'eyes^^ when first dug (but they may 
develop buds before the next growing season). 
The Irish potato is a stem; the sweet potato 
is an cnlarg(Kl root. 

46. How Stems Elongate. — Roots elongate 
by growing near the tip. Stems elongate by 
growing more or less throughout the young or 
soft part or ‘‘between joints.” But any part 


of the stem soon 
reaches a limit be- 
yond which it cannot 
grow, or becomes^, 
“fixed;” and the new 
parts beyond elongate 
until they, too, become 



rigid. When a part of the stem once becomes fixed or hard. 



24. Potato. Stems (wlioro?), fmo 
roots, and rootstocks. 


it never increases in length: 
that is, the trunk or woody 
parts never grow longer or 
higher; branches do not be- 
come farther apart oi higher 
from the ground. 

47. The different regions of 
growth in stems and . roots 
may be observed in seedling 
plants. Place seeds of radish 
or ' bage between layers of 
blot 3 “paper or thick cloth. 
Ket them damp and warm. 
When the stem and root have 
grown an inch and a half long 
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each, with waterproof ink mark spaces exactly one-quarter 
inch apart. Keep the plantlets moisL for p day or two, and 
it will be found that on the stem some or all of the marks 
are more than one-quarter inch apart: on the root the 
marks have not separated. The root has grown 
beyond the last apical mark. (Figs. 25, 26.) 

Review.— What is the stem system'’ What does 
the stem do? How long may the stem i)erpist? What 
is meant by the habit of a. plant? Name some kinds 
of habit. What are so-called stemless plants? What 
is the crown? What becom^^s of the tops of stemless 
plants? What are erect, trailing, decumbent, ascending, 
climbing stems? What are excurrent trunks? Deli- 
quescent? What is a simple st3m? What are strict 
stems? What are subterranean stems? How are stems 
distinguished from 
roots? What is the dif- 
ference in mode of 
growth between stems 
and roots? 

Note. — The pupil 
should make marks 
with waterproof ink (as 
Higgins’ ink or indelible 
marking ink) on any 
soft growing stems — as 
geranium, fuchsia, grass, 
the twigs of trees. Note 
that the separation of 
the marks is most evi- 
dent on the youngest 
shoots. 

The pupil should observe the fact that a stem of a plant has wonder- 
ful strength. Compare the propoi-tionate height, diameter and weight 
of a grass stem with those .t '* “the slenderest tower or steeple. Which 
has the greater strength? Vi the greater height? Which will with- 
stand the most wind? Note ti V/ i'he grass stem will regain its position 
even if its top is bent to the groind. Split a cornstalk and observe how 
the joints are tied together and braced with fibers. Note how plants 
are weighted down after a heavy rain. 

B 




CHAPTER IV 

PROPAGATION BY MEANS OF ROOTS AND STEMS 


48. The primary function of roots and stems is to support 
and maintain the plant; but these parts may also serve to 
propagate the plant, or to produce new individuals. 

r Lgation by Means of Rhi- 

3 function served by subter- 
is or* rhizomes (rootstocks) is 
j the species. Each stem has a 

a id, and from this bud a shoot 

the dying away of the older 
rhizome, this shoot becomes 
plant, although the rhizome 
3 connection for years in some 
►ots may also arise from the 
I or lateral buds, but the 
Dots usually arise from the end 
nd of the rhizome. (Fig. 23.) 

successive plant is farther 
Dm the original plant or the 
it of the colony. Thus the 
Datch^^ grows larger. Familiar 
re the spreading patches of 
or may-apples, quack-grass 
lomon^s seal, lily-of-the-valley, 
nas propagate by means of 
rhizomes; so does ginger, and 
the ^'roots^^ can be purchased 
at the drug -store. Fig. 28 

27. Quack-grass or couch-grass. Point mi . j. .1 i c 

out the rootstock. illustrates the spread of a 
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colony of wild sunflower. On the right 
the rhizomes have died away: note ihe 
K frayed ends. On the left, the strong up- 

l\ tamed buds shov/ v^here the shoots will 

\\ arise next spring. The old stems in the 

1 \ middle show where the buds stood at the 

\ \ close oi the last season. Fig. 23 shows one 

I \ of the terminal buds. 

I / A* 51. When rhizomes are cut m pieces, 
V piece having at least one bud or 
\ I “eye,’’ the pieces ma> grow when planted. 

I 1 A familiar example is the practice of 

j I dividing tubers of potato. A severed piece 

II of plant designed to be used 

. to propagate the plant is 

a cutting. See Fig. 29. 

' Cuttings of rhi- 

28 . Creeping rteomes of wild ^nflower. 

undesignedly or accidentally when land is cultivated. The 

buds and 29. Cuttings of canna rhizome. 
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throw up shoots or new plants. Severed roots often grow. 
Blackberries, raspberries, and many plums and cherries, 
throw up shoots or “suckers’^ from the roots; and this 
propensity is usually increased when the roots are broken, 
as by a plow. Broken roots of apples often sprout. Plants 
may propagate by means of root-cuttings, 

54. Occasional Buds.— The buds that appear on roots 
are unusual or abnormal, — they occur only occasionally and 
in no definite order. Buds appearing in unusual places on 
any part of the plant are called adventitious buds. Such are 
the buds that arise when a large limb is cut off, and from 
which suckers or watorsprouts arise, as on the apple tree. 

55. Layers. — Roots sometimes 
arise from aerial stems that are 
partially buried. If a branch 
touches the ground and takes 
root, it is called a layer. Gar- 
deners often bend a limb to the 
ground and cover it for a short 
distance, and when roots have 
formed on the covered part, the 
branch is severed from its parent 
and an independent plant is 
secured. See Fig. 30. 

56. There are several kinds of layers: a creeper, when a 
trailing shoot takes root throughout its entire length; a 
runner, when the shoot trails on the ground and takes root 
at the joints, as the strawberry; a stolon, when a more or less 
strong shoot bends over and takes root, as the black rasp- 
berry or the dewberry (Fig. 30) ; an offset, when a few very 
strong plants form close about the base of the parent, par- 
ticularly in succulent or bulbous plants, as house-leek 
(old-hen-and-chickens) and some lilies. The rooting branches 
of the banyan and mangrove (Figs. 15, 16) may be likened 
to layers. 



30. A layer of dewberry. The new 
Dlant has arisen at the left. 
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57. Natural Cuttings. — Sometime^ cuttings occur with- 
out the aid of man. Some kinds of willows shed their twigs, 
or the storms l.>reak them oF: m.my of these twigs take 
root in the moist earth whex*" willows grow, and 
I I they are often carried down the streams and are 

jij washed along the shores of laker. Observe tiie w»il- 

ii|| lows along a br.»ok, and determine whether any of 
them may have come dowm the stxcam. 

58. Propagation by Means of Leaves. — 
h]ven leaves may take root and give rise to 
|V ' i neW' plants. There UiV examples m warm 
lljK^ \ countries. The lake-cress of northern streams 

:|| ‘also propagates in this w^ay: the leaves with 

little plants attached may often be seen float- 
31. Buibiet of ing down stream. Gardeners propagate some 

tiger hiy. Jdnds of bogonias by means of leaf -cutting; 

also gloxinias and bryophyllums. (Paragraph 69.) 


59. Propagation by Means of 

Buds. — Buds often become detached 
and propagate the plant. Familiar 
examples are the bulblets of tiger 
lilies, borne amongst the foliage; for 
all bulblets and bulbs are only 
special kinds of buds. Fig. 31. 
Some water plants make heavy 
winter buds, which become de- 
tached on the approach of cold 
w^eather and sink to the bottom. 
In spring, they give rise to new 
plants. 

60. Grafts. — Sometimes a plant 
may unite wdth another plant. A 
branch or a trunk may lie against 
another plant of the same kind, or of 
a very closely related kind, and grow 





32. A native graft. 
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fast to it; and if its original trunk die away, the part will 
be growing on an alien root. A branch that grows fast 
to a branch of another plant, the wood of the two knitting 
together, is called a graft, (Fig. 32.) It is necessary to dis- 
tinguish between a graft and a parasite: a parasite preys 
upon another plant, robbing it of its food, but a graft becomes 
an integral part of the stock on which it grows, and does 
its full work in elaborating food for itself and for the stock. 

Review. — What are primary and secondary functions of roots and 
stems? What are the functions of rhizomes? How does propagation 
by rhizomes proceed? Why does the colony spread? Name some plants 
that propagate by means of rhizomes. What is a cutting? May cuttings 
be made of rhizomes? How arc rhizomatous weeds often spread? 
Name some of them. How do roots serve to propagate the plant? Name 
instances. What are adventitious buds? W^hat is a layer? Define some 
of the kinds of layers, — runner, creeper, stolon, offset. Explain how 
cuttings may occur without the aid of man. How may leaves serve 
to propagate the plant? Explain how plants propagate themselves by 
means of detachable buds. What is a graft? How may grafting take 
place without the aid of man? 

Note. — If there is an accessible ‘^patch’^ of toad-flax, Canada 
thistle, may-apple, or other perennial plant, the pupil should determine 
by what means it enlarges from year to year. “Patches” are always 
instructive when considered with reference to propagation and dis- 
semination. 



CHAPTER V 

HOW THE HORTICULTURIST PROPAGATES PLANTS BY 
MEANS OF ROOTS AND STEMS 

61. Cuttings in General.— A bit of plain stuck into the 
ground stands a chance of growing; and this bit is a cutting. 
(Compare 51.) Not all plants can be propagated by the same 
kind of cutting. The means is determiner! by experiment or 
experience. In some cases the part to be used and the con- 
ditions necessary for growing the cutting have not been dis- 
covered, and we saj" that the plant is not propagated by 
cuttings. It is probable that some plants cannot be grown 
from cuttings, even under the greatest skill. 

62. Most plants propagate from cuttings made of the 
soft or growing parts (called “wood^^ by gardeners), of which 
the ''slips’’ of geranium and coleus are examples. Others 
grow equally well from cuttings of the hard or mature 
parts or wood, as currant and grape; and. in some instances 
this mature wood may be of roots, as in the blackberry. 
Pupils should make cuttings now and then. If they can 
do nothing more, they can make cuttings of potato, as the 
farmer does; and they can plant them in a 
box in the window. 

63. The Softwood Cutting. — The soft- 
wood cutting is made from tissue that is 
still growing, or at least from that which 
is not dormant. It comprises one or two 
joints, with a leaf attached. (Figs. 33, 

34, 35.) It must not be allowed to wilt. 

Therefore, it must be protected from 
direct sunlight and dry air until it is well 

(23) 



33. Geranium cutting. 
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established in the earth ; and if it has many leaves, some of 
them should be removed, or at least cut in two, to reduce 
the evaporating surface. Most of the common window-plants 

may be propagated 
easily by means of 
softwood cuttings 
or slips. 

64. For most 
plants, the proper 
age or maturity of 
wood for the making of cuttings may be 
determined by giving the twig a quick 
bend: if it snaps and hangs by the bark, it 
is in proper condition; if it bends without 
breaking, it is too young and soft or too old; if it splinters, 
it is too old and woody. The tips of strong upright shoots 
usually make the best cuttings. Preferably, each cutting 
should have a joint or node near its base; and if the inter- 
nodes (or spaces between joints) are very short, it may 
comprise two or three joints. 

65. The stem of the cutting is' inserted one-third or more 
its length in clean sand or gravel, and the earth is pressed 
firmly about it. A newspaper may be laid over the bed to 



34. Carnation 
nutting. 



36. Cutting-bed, showing carnations and roses. 
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exclude the light — if the sun strikes it — and to prevent 
too rapid evaporation. The soil should be moist clear 
through, not on top only. 

6b. Loose sandy or gravelly soil is 
used. Masor/s sand is good earth in 
which to start most cuttings; or fine 
gravel — sifted of most of ^ts eai thy 
matter — maj^ be used. Soils that con- 
tain much decaying organic matter are 
avoided, for these soils are breeding- 

37. Verbena cutting ready Pi^CeS of fuugi, which attack the SOft 

for tranapianting. Cutting and cause it to “danip off/’ or 
die at or near the surface of the ground. If the cuttings are 
to be grown in a window, put three or lour inches of the 
earth in a shallow box or a pan. A soap box cut in two 
lengthwise, so that it makes a box four or fivc^ iiitdies deep 
— like a gardener’s flat — is excellent. A (uitting-bed may 
be made on a greenhouse bench or in a good shaded window, 



as in Fig. 36. Cuttings of 
common plants, as gera- 
nium, coleus, fuchsia, carna- 
tion, are kept at a living- 
room temperature. As long 
as the cuttings look bright 
and green, they are in good 
condition. It may be a 
month before roots form. 
When roots have formed, 
the plants begin to make 
new leaves at the tip. Then 
they may be transplanted 
into other boxes o r into 
pots. The verbena in Fig. 
37 is just ready for trans- 
planting. 



38. Old geranium plant cut back to 
make it throw out Hhoots from which cut- 


tings can be made. 
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67. It is not always easy to find gro^ng shoots from 
which to make the cuttings. The best practice, in that 
case, is to cut back an old plant, then keep it warm and well 
watered, and thereby force it to throw out new shoots. The 
old geranium plant from the window-garden, or the one 
taken up from the lawn bed, may be treated this way. 
See Fig. 38; The best plants of geranium and coleus and 
most window-plants are those that are not more than one 

year old. The ge- 
ranium and fuchsia 
cuttings that are 
made in January, 
February, or 
March will give 
compact blooming 
plants for the next 
winter; and there- 
after new ones 
take their places. 
(Fig. 39.) 

68. The Hard- 
wood Cutting. — 
Best results are 
secured when the 
cuttings are made 
in the fall and then buried until spring in sand in the cellar. 
These cuttings are usually 6 to 10 inches long. They are not 
idle while they rest. The lower end calluses or heals, and 
the roots form more readily when the cutting is planted in 
the spring. But if the proper season has passed, take cut- 
tings at any time in winter, plant them in a deep box in the 
window, and watch. They will need no shading or special 
care. Grape, currant, willow and poplar readily take root 
from the hardwood. Fig. 40 shows a currant cutting. It has 
only one bud above the ground. 



39. Early winter geranium, from a spring cutting. 



CUTTINGS AND GRAFTS 


27 


1 69. Cuttings of Leaves. — Some plants 
are regularly propagated by leaf-cuttings. 

— • See paragraph 58. Begonias of the '‘foliage’' 

kinds are the mosc frequent examples. 
Sometimes the leaf is cut to wedge-shaped 
parts, each part with a midrib and a bit of 
the leaf-stalk; from the point which is put 
I in ihe earth a new plant arises, as shown 

in Fig. 41. Gardeners often cut the begonia 
leaf across and set the severed edge in the 
earth; sometimes they lay the leaf flat on 
the earth and peg it down at intervals. 

I The leaf should be nearly or quite mature, 

but Still full of vigor. 

70. The Graft. — When the cutting is 
inserted in a plant rather than in the soil, 
we have a graft; and the graft may grow. 
In this case the cutting grows fast to the 

40. Currant cutting, other plant, and 

the two become 
one. When the cutting is inserted 
in a plant, it is no longer called a 
cutting, but a cion] and the plant 
in which it is inserted is called the 
stock. Fruit trees are grafted in 
order that a certain variety or kind 
may be perpetuated. 

71. Plants have preferences as 
to the stocks on which they will 
grow; but we can find out what 
their choice is only by making the 
experiment. The pear grows well 
on the quince, but the quince does 
not grow so well on the pear. The 
pear grows on some of the haw- 



41. Triangular leaf-cutting 
of begonia or ‘‘beefsteak geran- 
ium/’ with the leaf of a young 
plant starting from the apex. 



ARTIFICIAL PROPAGATION 


28 

thorns, but it is an unwilling subject on the apple. Tomato 
plants will grow on potato plants, and potato plants on 
tomato plants. When the potato is the root, both tomatoes 
and potatoes may be produced; when the tomato is the 
root, neither potatoes nor tomatoes will be produced. Chest- 
nut will grow on some kinds of oak. 

72. The forming, growing tissue of the stem (on the plants 
we have been discussing) is the cambium^ lying on the out- 
side of the woody cylinder, beneath the bark. In order that 
union may take place, the cambium of the cion and of the 



42. Cion of apple. 4;^. The cion inserted. 44. The parts waxed. 

stock must come together. Therefore the cion is set in the 
side of the stock. There are many ways of shaping the cion 
and of preparing the stock to receive it. These ways are 
dictated largely by tlie relative sizes of cion and stock, 
although many of them are matters of mere personal prefer- 
ence. The underlying principles are two: securing close 
contact between the cambiums of cion and stock; covering 
the wounded surfaces to prevent evaporation and to pro- 
tect the parts from disease. 

73. On large stocks, the commonest form of grafting is 
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the cleft-graft. The stock, is cut off and split; and in one or 
both sides a wedge-shaped cion is firmh inserted. Fig. 42 
shows the cion; Fig. 43, the cions set in ^he stock; Fig. 44, 
the stock waxed. It will be seen that the lowei bud — ^that 
lying in the wedge — is covered by the wax; but being nearest 
the food supply and least exposed to weather, it is the most 
likely to grow: it will push through the wax. 

74. Cleft-grafting is performed in spring, as growth 
begins. The cions are cat previously, when perfectly dor- 
mant, and from the the tree which it is desired to propagate. 
The cions are kept in sand or moss in the cchar. ^ambs of 
various sizes may be cleft-grafted, — -from one-half inch up 
to four inches in diameter; but a diameter of one mch is the 
most convenient size. All the leading or main branches of 
a tree-top may be grafted. If the remaining parts of the 
top are gradually cut away and the cions grow well, the 
entire top will be changed over to the new variety. 

Review. — How do we determine how a plant may be propagated? 
Mention any plants that grow from cuttings. What are softwood 
cuttings? Hardwood? Describe a geranium cut ting. What is the proper 
condition of wood for making a softwood cutting? How is it planted? 
Where? In what kind of soil? Give directions for watering. How may 
cutting-wood be secured? Describe a hardwood cutting. When is it 
made? Name plants that can be propagated easily by means of hard- 
wood cuttings. Describe a leaf-cutting. What is a oion? Stock? How 
do we find out what stocks are congenial to the cion? Describe a cleft- 
graft. When is cleft-grafting performed? Why do we graft? 

Note. — The cutting-box may be set in the window. If the box 
does not receive direct sunlight, it may be covered with a pane of 
glass to prevent evaporation. Take care that the air is not kept too 
close, else the damping-off fungi may attack the cuttings, and they 
will rot at the surface of the ground. See that the pane is raised a 
little at one end to afford ventilation; and if water collects in drops on 
the under side of the glass, remove the pane for a time. 

Grafting-wax is made of beeswax, resin, and tallow. The hands 
are greased, and the wax is then worked until it is soft enough to spread. 
For the little grafting which any pupil vrould do, it is better to buy the 
wax of a seedsman. However, grafting is hardly to be recommended 
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as a general school diversion, as the mp,king of cuttings is; and this 
account of it is inserted chiefly to satisfy the general curiosity oh the 
subject. But now and then a pupil may make the effort for himself, 
for nothing is more exciting than to make a graft grow all by one*s self. 

The pictures of the cuttings (Figs. 33-35, 37, 40) and the grafts 
(Figs. 42-44) are one-third natural size. 

The many forms of grafting and budding are too special for dis- 
cussion in this book. Descriptions of them may be found in “The 
Nursery-Book’^ and other works. 



CHAPTER VI 

FOOD RESERVOIRS 

75. Storehouses.— >A]1 greatly thickened or congested 
parts are reservoirs for the storage of plant-food. This 
food is mostly starch or sugar. Potatoes, beets, turnips, 
thick rfiiisomes, seeds, are examples. Recall how potatoes 
sprout in the cellar (Fig. 45j : the sprouts are produced from 
the stored food. 

76. The presence of starch can be determined by apply- 
ing diluted tincture of iodin to the part: if a blue or purplish 
brown color appears, starch is present. Cut the part open and 
moisten the fresh sur- 
face with iodin (to be 
had at the drug store). 

The test will usually 
give the best reaction 
when the part is per- 
fectly dormant. Starch 
may be found in 
nearly all twigs in fall 
and winter. Test thin 
cross-sections. 

77. This stored 
plant-food enables the 
plant to start quickly 
in the spring, without 
waiting for food elab- 
oration to begin in the 
leaves; and it enables 

. , 1 4.1 X • 4.U 45 . Potato sprouts. The sprouts have used the food 

tine pianuieti l n t)ne stored in the tuber, and the tuber has shriveled. 

(31) 
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seed to grow until it establishes itself in the earth. The flow- 
ers of early-blooming trees are developed mostly from the 
nourishment stored in the twigs, not from the materials 



40. A winter branch bouring leavers in.side a window, while still 
attached to the tree outside. 

taken in at the time by the roots, nor from food being made 
by the newly forming Jeav(\s. . This can be demonstrated 
by bringing branches of peach, apple, and other early- 
blooming plants into the house in the winter and keeping 
them in water; they will l)loom and sometimes even make 
leaves. Study Fig. 46. 

78. Kinds of Storage-organs. — Short and 
much thickened or swollen parts of roots or 
stems are known as tubers. These may be 
stem-tuberSj as the potato, or root-tubers, as 
the sweet potato (45). Most tubers are sub- 
terranean. 

79. Many tubers arc stem at the top and 
root in the remaining part; these are called 
crown-tubers, because the upper part comes 
to the surface of the ground, or is a crown. 

Turnip. Leaves and stems arise from the upper part. 
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Beet, radish parsnip, turnip, salsify-, carrot, dahlia roots, 
are examples. These tubers are usuaUy much longer than 



4a Stem-tuber above Kfouiid. — 
Kohlrabi. 


broad, and gentially taper down- 
wards. (Fig. 47.) A good example of 
stem-tuber is the kohlrabi. (Fig. 48). 



80. A much thickened part composed of scales or plates 
is a bulb. The bulb may be scaly y as in the lily; or it may be 
tunicatedj — made up of plates or layers within layers, ‘as 
the onion. 

81. Small bulbs borne amongst the foliage or flowers 


are known as bulblets. 
Such are the “top oniouvs,” 
and the little bulbs that 
the tiger lily (Fig. 31) 
bears on its stem. Bulbs 
that grow around the main 
bulb or which are formed 
by the breaking apart of 
the main bulb, are known 
as bulhels. Many bulbous 
plants propagate by means 



50. Section of a multiplier onion. Natural size. 


C 
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of bulbels. The multiplier or potato onion (Fig. 49) is an 
example. If the bulb is cut across, it is found to have two 
or more “hearts” or cores (Fig. 50). When it has been 

planted a week, each core 
or part begins to separate 
(Fig. 51), and there are 
soon as many onions as 
there are cores. Potato 
onions can be bought of 
seedsmen. They are used 
for the raising of early 
onions. 

82. Solid bulb-like parts 
are known as corns. These 
usually have a loose cover- 
ing, but the interior is not 

51. Beginning to separate into its parts. made Up of SCalcS Or platCS. 

P^ach part will be a little onion. . ^ i . i t 

Of such are gladiolus and 
crocus corms. (Figs. 52, 53.) Corms multiply by cormels or 
small corms, as bulbs do by bulbels; or the plant may bear 
cormlets amongst the branches and foliage. Fig. 54 shows 
art old gladiolus corm on which three new corms have grown. 

83. We have seen that thickened parts may serve one 
or both of two purposes: they may be storage-organs for 




52. Corm of crocus. Nat. size. 


53. Section of a crocus corm. 
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food; they may be means of propagntirg the plant. The 
storage of food carries the plant ovpr a dry or cold season. 
By making bulbs or tubers, the plant pcisists until spring. 
Future growth therefore^ pro- 
vided for by the storage Bulbous 
plants are characteristic of many 
dry countries. 

Rb\iew. — What do you understand 
by food reservoirs? Plow is the presence 
of stanch dc'termined? Where me/ starch 
be found? r)f what se,rviee to the plant is 
this stored food? How arf‘ t,he flowers and p 

leaves enabled to start so early in sfjring? 

Define tuber. Root-tuber. Stem-tuber. Crown-tuber. Give exjtmples. 
Define bulb. Scaly bulb. TunJeaUid bulb. Hulblet. Bulbel, Give 
examples. Define corm. Cormel. What two purposes do congested 
parts serve? 

Note. — The pupil should examine various kinds of bulbs and 
tubers. If these are not at hand, many kinds can be })urchased of 
seedsmen or florists. Secure onion, narcissus, hyacinth, gladiolus, 
crocus, potato. Cut them in two. Study the make-up. Test them 
for starch. Plant some of them in pots or boxes. Observe how they 
grow. In the onion and some other plants, most of the stored food is 
sugar. Place a potato tuber in a tumbler or cup in a window' so that 
the bottom of the tuber will be in the water. 



CHAPTER VII 

WINTER BUDS 


84. What Buds Are. — ^Because of cold or dry weather, 
the plant is forced into a period of inactivity. We have 
seen that it stores food, and is ready to make a quick start 
in the spring. It also makes embryo branches and packs 
them away underneath close-fitting scales: these branch- 
lets and their coverings are winter buds. The growing 
points of the plant are at rest for a time. In the warm 
season, the growing point is active, and the covering of 
scales is not so pronounced. A winter bud may be defined 
as a resting covered growing point. 

85. A resting hud, therefore, is a shortened axis or branch, 
bearing miniature leaves or flowers, or both, and protected 
by a covering. Cut in two, lengthwise, a bud of the horse- 
chestnut or other plant that has large buds. With a pin, 
separate the tiny leaves. Count them. Examine the big 

bud of the rhubarb as it lies under 
the ground in winter or early spring. 

Dissect large buds of the apple and 
and pear. (Figs. 55, 56.) 

86. The bud is protected by firm 
and dry scales; but these scales are 
Bud of apri- only modified leaves. The scales 

cot showing « . /•\ei i i * x j. i ^uu m i»cai 

the minia- lit close. Often the bud is protected showing both 
ture leaves. vamish (scc horsc-chcstnut and “The 

the balsam poplars). Most winter buds are latter are the 

- 11 -n . , 1 1 little knobs in 

more or less woolly. Examine them under the center, 
a lens. As we might expect, bud-coverings are most prom- 
inent in cold and dry climates. 

( 30 ) 
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87. Where Buds Are. — Buds are borne in the axils 
of the leaves, — in the acute angle that the leaf makes with 
the stem. When the l('af ig grov/- a. A 

iiig in the summer, a bud is form- 
ing abov(‘ it. When the leaf falls, 
the bud remains, and a txar marks jViB 
the ];kce of the leaf. Fig. 57 
shows the large k/af-scars of ailan- 
thus. Observe those on the horse- ' 
chestnut, maple, apple, pear, bass- I ,# 
wood, hickory, or any tre(^ or bush. 

88. Sometimes two or more buds ^ ji 
are borne in one axil: the extra 


ones are accesfiory or supmium-crnry rgmii- 
buds. Observe tliern in the Tar- be^w^ecn 
tarian honeysuckle (common in {nurH;*— 

. 4 . Currant. 


buds. Observe tliern in the Tar- between 
r, 7 . Luaf-scara.— tariaii lioncysuckle (common in 
Aiianthua. yards), waluut, butternut, red 
maple, honey locust, and sometimes in the apricot and 
peach. 

89. Shoots of many plants bear a bud at the tip: this 
is a terminal bud. It continues the growth of th(; axis in 
a direct line. Very often three or more buds are clustered 


at the tij) (Fig. 58) ; 
and in this case there 
may be more buds than 
l(‘{if-scars. Only one of 
them, however, is strictly 
terminal. 

90. Bulbs and cabbage 
heads may be likened 
to buds: that is, they 
are condensed stems, 
with scales or modified 



59. A gigantic bud. — Cabbage. 


leaves densely overlapping and forming a rounded body. 
(Fig. 59.) They differ from true buds, however, in the fact 
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that they are condensations of main stems rather than 
embryo stems borne in the axils of leaves. But bulblets 
may J3e scarcely distinguish- 
able from buds on the one 
hand and from bulbs on the 
other. Cut a cabbage head in 
two lengthwise, and see what 
it is like. 

91. What Buds do. — A bud 

is a growing point. In the 
growing season it is small, 
and persons do not notice it. 

In the winter it is dormant 
and wrapped up and is plainly 
seen: it is waiting. All branches spring from 
buds. 

92. All winter buds give rise to branches, 
not to leaves alone: that is, the leaves are borne 
on the lengthening axis. Sometimes the axis, 
or bran(;h, remains very short, — so short that it 
may not be noticed. Some- 

^are times it grows several feet 
SX^LnS long. 

bJkbSd 93. Whetlier the 
to branch grows long 
the. b^ or not depends on 
of each. chance it has, 

— -position on the plant, fertility 
of soil, rainfall, and many 
other things. The new shoot is 
the unfolding and enlarging of 
the tiny axis and leaves that 
we saw in the bud. (P'igs. 55, 

56.) If the conditions are congenial, the shoot may form more 
leaves than were tucked away in the bud, but commonly 



63. Hickory 
budH. 


64. Growth is 
progressing. 



CONTENTS OF BDDP 


39 




65. Opening of the 
p(!ar bud. 


it does not. The length of the sheet iisuslly depends more 
oh the lengths between joints than on the number of leaves. 

94. How Buds Open. — When the bud 
swells, the scales are pushed apart, the 
little axis elongates and pushes out. In 
most plants, the outside ;>cales fall very soon, 
leaving a little ring of sears. Notice peach, 
apple, plum, will(/w, and other plants. 

(Fig. 60.) In others, all the scales grow 
for a time, as in the peai. (Figs. 61, 62.) 

In other plants, the inner bud- 
scales become green and al- 
most leaf-like. See the maple 
and hickory. Fig. 63 shows a 
hickory bud. Two weeks later, 
the young shoot had pushed out 
and the enlarged scales were hanging. (Fig. 64.) 

95. Sometimes flowers come out of the buds. 
Leaves may or may not accompany the flowers. 
We saw the embryo flowers in Fig. 56. The 
bud is shown again in Fig. 61. In Fig. 62 it is 
opening. In Fig. 65 it is 
more advanced, and the woolly un- 
formed flowers are appearing. In 
Fig. 66 the growth is more advanced. 

In Fig. 67 the flowers are full blown; 
and the bees have found them. 

96. Buds that contain or produce 
only leaves are leaf-buds. Those that 
contain only flow(^rs are flower-buds 
or fruit-buds. The latter occur on 
peach, almond, apricot, and many 
very early spring-flowering plants. 

(Fig. 68.) The single flower is emerging from the apricot 
bud in Fig. 69. Those that contain both leaves and flow- 



67. Pear in full bloom. 
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ers are mixed buds, as in pear (Fig. 67), apple, and most late 
spring-flowering plants. 



97. Fruit-buds are usually thicker 
or stouter than leaf-buds. They are 
borne in different positions on differ- 



ent plants. In some plants 
(apple, pear) they are mostly 
on the ends of short branches 
or spurs; in others (peach, red 
maple) they are mostly along 
the sides of the last year’s 


The^%icii- growths. In Fig. 70 are shown 
flow?^-bud three fruit-buds and one leaf- 
ofapneot. leaf-buds' 


on a. In Fig. 71 a fruit-bud is at the left, and a leaf-bud 


at the right. 

98. The “Burst of Spring” 

means chiefly the opening of the 
buds. Note the process in Fig. 72. 
Everything was made ready in the 
previous growing season. The em- 
bryo shoots and flowers were devel- 
oped in the buds, and the food was 
stored. Spring comes on. The warm 
rain falls, and the shutters open and 
the sleepers wake: the frogs peep 
and the birds come. 

Review. — What are resting buds? 
What are they for? What is their cover- 
ing? Where arc they borne? When are 
they formed? W'hat is a leaf-scar? What 
are accessory buds? What other name is 
applied to them? Define terminal bud. 
What does it do? What are bulbs and 
cabbages? How do they differ from 
buds? What do buds do? From what do 



70. Fmit-bucls and leaf-buds 
of pear. 
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branches arise? To what do winter buds give rise? What determines 
whether the branch shall be long or short? D^'scribe the opening of 


a bud. What are flower-buds? Leaf-buds? 
Mixed buds? How may fniit-buas be dlsfin 
guished? What is the “burst of spring?^’ 

Note. — It is easy to s(ie the swelling of the 
buds in a room in winter Secure branches c'f 
trees and shrubs, two to three feet long, and 
stand them in vas('R or jars, as you v/ould 
flowers. Renew the watiT frequently and (nit 
off the lower ends of the shoots oc(;asionall> ‘ 
In a week or two the buds will begin to swell. 
Of red maple, peach, apricot, end other very 
early-flowering things, flowers may be stjcurtnl 
in ten to twenty days. Try it. 

The shape, size, and color of the winter bud.- 
are different in every kind of piant. By the buds 
alone botanists are often abh; to distinguish the 



71. l''ruit-bud and leaf- 
bud of apple. 


kinds of trees. Even such similar plants as the different kinds of 


willows have good bud characters. The st.udy of the kinds of buds 


affords excellent training of the powers of observation. 



72. The burst of spring in the lilac. 



CHAPTER VIII 

PLANTS AND SUNLIGHT 


99. Each Plant Responds to Light. — Grocn plants live 
only in sunlight, direct or indirect. The gradual with- 
drawal of light tends to weaken the plant; but the plant 

makes an effort to reach the light 
and therefore grows toward it. The 
whole habit of a plant may be 
changed by its i)()sition with ref- 
erence to sunlight. Choose two 
similar plants. Place one near 
the window and the other far 
from it. Watch the behavior from 
day to day. Fig. 73 shows a 
IYtii that gnnv near the glass in 
74 shows one that grew on the 
floor of a conservatory. Fig. 74 also teacihes another 
lesson, which is to be explained in another chapter (Chapter 
XXYIII). 

100. Plants grow toward the light. The most vigor- 
ous branches, as a rule, are those that receive most light. 



73. Sufiioicnt li^ht. 


a conservatory; Fig. 



74. In need of light. 
Same kind of fern as No. 73. 


( 42 ) 


75. Growing toward the light. 
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Climb a tree and f)bs{'rve where thriftiest shoo*.iR are; 
or observe any bush. 

101. When plants or thei»* parts are not stiff or rigid, 



76. Branches of Iho cedar reachinia: for light. 


they turn toward the light, if the light (‘omes mostly from 
one direction. The geraniums and fuchsias in the window 
are turned around occasionally so that th(‘y will grow sym- 
metrical. Plant radish in a pot or pan. When the plants 
are three or four inches high, place the ])an in a tight box 
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which has a hole on one side. The next day it will look 
like those in Fig. 75. This turning toward the light is 
called heliotropism (hellos is Greek for “sun^O* 

102. Even under natural 
conditions, plants become 
misshapen or unsymmetri- 
cal if the light comes 
mostly from one direction. 
On the edge of a forest, 
the branches grow out 
toward the light. (Fig. 76.) 
Trees tend to grow away 
from a building. Branches 
become fixed i n their 
position, so that even in 
winter they show the in- 
fluence of light. 

103. Some plants climb 
other plants in order to 
reach the sunlight; or they 
climb rocks and buildings. Notice that the vine on the house 
luxuriates where it is lightest. C'limbing plants may injure 
or even kill the plant on which they climb. This they may 
do by throwing tlu'ir mantle of foliage over it, and smother- 
ing it, or by sending th(nr roots into its trunk and robbing 
it of food. Sometimes th(»y do both, as in P"ig. 78. 

104. Each Branch Grows Toward Light. — The plant is 
made up of branch(*s. There is a struggle amongst the 
branches for sunlight. We have seen (Fig. 7) that no two 
branches are alike: we now know one reason why. Notice 
that the small branches die in the center of the tree. Look 
on the inside of a pine, spruce or other dense tree. Every 
branch has a story to tell of the value of sunlight. 

105. Each Leaf Grows Toward Light. — Leaves are borne 
toward the ends of the branches. This is particularly 



77. Mantle of clematis. The leaves, and later 
the flowers, spread themselves to the light. 
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marked when the struggle is severe. If the outside of a 
plant is densely thatehed with leaves, the inside will be 
found to be comparatively bare. Contrast Figs. 79 and 80, 
both being views ot one tree. We know the tree as seen 
in Fig. 79: the squirrel knows it as seen in Fig. 80. 

106. On any branch in a very thick- copped tree lt bush, 
leaves of equal age usually tend to be largest where the 
light is best. Lea’^^es that grow in full sunlight tend to per- 
sist later in the fall than those that grow in j'oor light. 
This fact is sometimes ‘jbscured because the outermost 
leaves are most ex- 
posed to autumn 
winds. 

107. Plants that 
start in cellars, from 
seeds, bulbs, or tubers, 
grow until the stored 
food is exhausted and 
then die: the leaves 
do not develop to full 
size in darkness. Figs. 

81 and 82 show this. 

Fig. 81 is rhubarb 
forced in a cellar for 
the winter market; 

Fig. 82 is a plant 
grown out-of-doors. 

Compare Fig. 45. 

108. The position 
or direction of leaves 
is determined largely 
by exposure to sun- 
light. In temperate climates, they usually hang in such a 
way that they receive the greatest amount of light. Observe 
the arrangement of leaves in Fig. 83. One leaf shades the 
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79. Looking at the top of a Norway maplo. — As the bird sees it. 


other to the least possible degree. If the plant were placed 
in a new position with reference to light, the leaves would 
make an effort to turn their blades. Observe the shingle-like 
arrangement in Fig. 79. If the pupil were to examine the 



80. Looking up into the same tree. — As the squirrel sees it. 
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leaves on the Norway maple, wiileli ^ photographed in Fig. 
79, he would find that leaves whicli are not on the outside 
lengthen tPeir leaf-stalks in order h- get tin- light. See Fig. 
157. Norway maple is eommon on lawns and roadsides. 

109. We have seen (8.5) that a large part of the leaves 
of any one year arc packed away in the buds of the previous 
winter. ,Tt is almost impossible that (bese leaves should be 
packed away hit or miss. The^y are usually arranged in a 
mathematical order. W< can see this order when the shoot 
has grown. We can see it by studying the buds on recent 



81. Klitiliurb ^rown m tlu* tljiik, Tlic Kuil-hliuh'S do not d(‘Vcioi). 


shoots, since there was a leaf for each bud. The l(‘aves (or 
buds) may be opposite each otlier on the stem, or alternate. 
(Fig. 84.) 

110. When heaves are opposite, the pairs usually alter- 
nate. That is, if one pair stands north and south, the next 
pair stands east and west. Sei^ the liox-elder shoot, on 
the left in Fig. 84. One pair does not shade the pair beneath. 
The leaves are in four vertical ranks. 

111, There are several kinds of alternate arrangement. 
In the elm shoot in Fig. 84, the third bud is vertically above 
the first. This is true, no matter which bud is taken as the 
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starting point. Draw a thread around the stem until the 
two buds are joined. Set a pin at each bud. Observe that the 
two buds are passed (not counting the last) and that the 
thread makes one circuit of the stem. Representing the num- 
ber of buds by a denominator, and the number of circuits 
by a numerator, we have the fraction 3^, which expresses 
the part of the circle that lies between any two buds. 

That is, the buds are 
one-half of 360 de- 
grees apart, or 180 
degrees. Looking 
endwise at the stem, 
the leaves are seen 
to be 2-ranked. Note 
that in the apple 
shoot (Fig. 84, right) , 
the thread makes 
two circuits and five 
buds are passed: 
two-fifths represents 
the divergence be- 
tween the buds. The 
leaves are 5-ranked. 

112. Every plant 
has its own arrange- 
ment of leaves. For 
opposite leaves, see 
maple, box-elder, ash, lilac, honeysuckle, mint, fuchsia. For 
2-ranked arrangement see all grasses, Indian com, basswood, 
elm. For 3-ranked arrangement see all sedges. For 5-ranked 
(which is one of the commonest), see apple, cherry, pear, 
peach, plum, poplar, willow. For 8-ranked, see holly, osage 
orange. More complicated arrangements occur in bulbs, 
house-leeks, and other condensed parts. The arrangement 
of leaves on the stem is known as phyllotaxy (literally 
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'‘leaf-arrang( ment’O. Make out the 
phyllotaxy on any plant. Tr> 't 
on a Jon^ ootaio tuber. 

IIH. In ? oine plants, several 
leaves occur at one level, being 
ananged in a cirde around the 
stem. Such leaves are said to be 
verticillatc or whorled. Leaves 
arranged in this vay are usually 
navrow. 

114. Although a definite 
arrangement of leaves is the rule 
in most plants, it is subject to mod- 
ification. On shoots that receive the light only from one 
side or that grow in difficult positions, the arrangement may 
not be definite. Examine shoots that grow on the under 
side of dense tree-tops or in other partially lighted positions. 

115. The direction or 
^ffiang^' of the leaf is 
usually fixed, but there 
are some leaves that 
change their direction be- 
tween daylight and dark- 
ness. Thus, leaves of 
clover (Fig. 85), bean, 
locust, and many related 
plants, “sleep^’ at night; 
also oxalis. It is not a 
sleep in the sense in which 
animals sleep, however, 
but its function is not 
well understood. 

116. Leaves usually ex- 
pose one particular surface 
to the light. This is be- 

D 
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cause their internal structure is such that light is most 
efficient when it strikes this surface, as we shall learn later 


on. Some plants, how- 
ever, expose both surfaces 
to the light, and their leaves 
stand vertical. Others 
avoid the intense light of 
midday and turn in the 
direction of least light. 
Leaves standing edgewise 
are said to exhibit polarity. 



85. Day and night positions of the 
clover leaf. 


They are “compass plants’^ if they point north and south. 



.1. Wiki or prickly 
lettuce, a weed of 
roadsides and 
waste places. 
Loaves more or 
less vertical. 


The famous compass plant or silphium of 
the prairies, and the wild lettuce (Fig. 86), 
are examples of plants having polar leaves. 
Every leaf has a story to tell of the value of 
sunlight. 

117. Winter Buds Show What Has Been 
the Effect of Sunlight. — Buds are borne in 
the axils of the leaves (87), and the size or 
vigor of the leaf determines to a large extent 
the size of the bud. Notice that, in most 
instanc(\s, the largest buds are nearest the tip. 
(Fig. 87.) If the largest ones are not near the 
tip, there is some special reason for it. Ex- 
amine the shoots on trees and bushes. 

118. The largest buds usually start first 
in spring, and the branches that arise from 
them have the advantage in the struggle 
for existence. Plants tend to grow most vig- 
orously from their ends. Observe that only 
the terminal bud grew in the. hickory twig 
in Fig. 64. If the side buds or lower buds 
grew more vigorously than the end buds, the 
plant would become exceedingly branched 
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and its whole form might be changed Consider how such a 
mode of branching would affect any small tree that you 
know. Every bud has a story to teh of the value of sunlight. 

Review. — What is the relation of the plant 
to sunlight? Does its form evor depend on its 
relation to light? In what direction do tin tops 
of plants grow? Where are the most vigorous 
branches? What is hel;otroi)ism? Why arc^ trees 
Hometiraes unsymmctricar'* Do you know any 
instances yourself? What is om way in which 
plants profit by the oiiiiibing hai)it? Explain. 

Whore are leaves borne in refen'ncc to light? 

Where are leavers usually largest? Do they de- 
velop in darkness? Are leaves borne directly 
above one another? How may k'avos be arranged? 

Explain what phyllotaxy is. Arc leaves always 
arranged definitely? Explain the arrangement 
in some plant that is not mentioned in this 
lesson. What is the ^‘slcep” of leaves? VHiich 
surface of the leaf is exposed? What are com- 
pass plants? How do buds show what the effect 
of sunlight has been? What buds start first in 37, The big terminal 
spring? buds. — Hickory, 




CHAPTER IX 


STRUGGLE FOR EXISTENCE AMONGST 
THE BRANCHES 

119. No Two Branches are Alike. — Every twig has a 
history. It has to contend for sunlight and a place in which 
to grow. Its size and shape, therefore, depend on the con- 
ditions under which it lives. Observe the long, straight, 
big-leaved shoots on the top of the plant, and the short, 
weak, cropked ones on the inside or under side. 

120. There is stniggle for existence for every twig and 
every leaf. Those finding the best conditions live and thrive; 



88. The struggle for life. — Mulberry shoot. 


those finding the poorest die. The weak are overpowered 
and finally perish: this prunes the tree, and tends to make 
the strong the stronger. Observe the competition in the 
branch photographed in Fig. 88. Pick out the dead twigs, 
the weak ones, the strong ones. See also Fig. 7. 

121, The Buds May Not Grow. — There is not room in a 
tree-top for all the buds to grow into branches. Some buds 

( 52 ) 
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are suppressed. Branches die. So it coires that branc‘hf;s 
are not arranged regularly, although tiu; buds may be. in 

the Tartarian or “tree^^ 
\ , hoiieysuckl(‘ the buds are 

' ' .. w‘\ opposite; Fig. 89 shows how 

the branches are. Even 
though the branch or plant 
is apparently regular in 
shape (as in Fig. 90), never- 
theless many of the buds 
have been suppressed, else 
there would be a branch 
from every axil. 

89. The branching is crooked 122. T hc reSults (.)f the 

and irregular. Struggle for existciice in the 

tree-top can be expressed in figures. Consider that every bud 
is the germ or starting point of a l)ranch. Observe at what 
distances apart the buds are usually borne on any plant, and 
estimate the number of buds that the plant has borne: 
count the number of branches which the tree actually bears. 
It will be found that the number of buds is far in excess of 


tile number of 
branches: the differ- 
ence between the 
numbers shows how 
many buds or 
branches have failed. 
Or, count the buds 
on any branch, and 
figure up the pos- 
sibilities. A branch 
12 inches long, for 
example, has 10 buds. 
If each bud grows, 
at the end of the next 



90. Not all the buds have produced 
branches. — ^Tea plant. 
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{reason, there will be 10 branches, each of which may have 
10 buds. At the end of the second year there will be 100 
branches; at the end of the third, 1,000. Can 1,000 branches 
be borne on a 4-year-old branch 12 inches long, as a base? 
Or, count the old bud-scars on the branches — for the places 
of the buds persist as wrinkles in the bark, often for many 

years. (Fig. 91.) One can often 
locate these bud-scars on old 
branches with, his eyes closed by 
running his fingers over the bark. 

123. Buds that fail to grow 
ar(‘ called dormant buds. They 
are usually the weakest ones, — 
those which grew in the, most 
uncongenial conditions. They are 
toward the base of the shoot. 

We have seen (118) that 
it is the terminal or 
uppermost buds which 
are most likely to grow. 
The dormant buds 
gradually die. They 
may live four or five 
years on some plants. 
If the other buds or 
branches fail or are in- 
jured, they may grow, 
but usually they do not. 

124. Dormant buds must not be confounded with ad- 
ventitious buds. We have learned (54) that adventitious 
buds are those formed at unusual times or places, because 
of some disturbance of the part. If a large branch is cut 
off, suckers or watersprouts are thrown out near the wound: 
these arise from buds that are made for the occasion. These 
buds did not exist there. In many countries it is a custom 



91. Scars of the dormant buds. — ^Willow. 


92. A pollard tree 

D this case, man has added to the struggle for existence. An ash tree in Algeria. 
The shoots are cut for forage. 
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to * ^pollard’’ or cut off the tops of trees every few years for 
the firewood or other uses, and strong adventitious shoots 

ariso along the trunk. 
(Fig. 92.) 

125. Where the 
Branches Grow. — Be- 
cause new shoots tend 
to arise from the top 
of the twigs, the branches 
of most trees are in tiers 
or layers. These tiers of- 
ten can be traced in trees 
50 and 100 years old. 
Try it in any oak, maple, 
^1 ash, or other tree. For 
practice, begin with 
young, vigorous trees. 

93. Tiers of 94. Even in old trees \ 

branches oil the tiers can be frlgS, Oo ailu 94.) 

young tree. traced. j26. When part of a 

top is removed, the remaining branches fill the space. The 
branches are attracted by the light, and grow in that 
direction. A pruned or injured top always tends to come 
back to equilibrium. 



94. Even in old trees 
the tiers can be 
traced. 



96. Crushed by storm, the tree still shoots upward. 
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127. A mangled or broken plant tends to regain its Tormer 
position. From fallen trees, upright slio('ts arise. In tig. 
95 observe the new trunks arising from ::he older prostrate 
trunks. 



98. May 20. 


Review. — What is meant by the statc'mont tliat every twig has 
a history? Upon what does the shape and size o' a Iminch depend? 
Explain what you mean by the struggle for exist, ene.e. Why do not all 
buds grow? If buds arc arrang(*<i in matheinatieai order, why are not 
branches so arranged? How may the effect of struggle for existence be 
expressed in figures?. Choose some, branch and explain. Define dormant 
buds. Adventitious buds. Why are branches in tiers, or borne at 
intervals? How do plants tend to regain th(‘ir form and position, when 
injured? 

Note, — Let the pupil work out the history of some branch. It is 
better to choose a brancjh that is vigorous. He should first determine, 
if the shoot is dormant how much grew the previous season. The 
last year’s growth bears buds on the main axis, not on side branches^ 
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and the “ring” (scars or bud-scales) marks the junction between the 
different years’ growth. Notice this ring in the front shoot in Fig. 87. 
The teacher will find many twigs worked out in “Lessons with Plants.” 
Figs. 96“100 show an actual case. These drawings were all made with 
the greatest care from one elm twig. The twig (Fig. 96) shows three 
years’ growths. The side branch is evidently only one year old, for it 
did not arise until the twig which bears it was one year old. Note 
that only one of the buds made a branch. There are five blossom-buds. 
Fig. 97 shows the twig in bloom. Fig. 98 shows it in fruit and leaf. 
Fig. 100 shows the net result. The side branch grew from a to s and made 
two blpssom buds. The tip of the main shoot (Fig. 96) was broken in 
a storm. The two buds next in succession grew. Each made flower- 
buds. Observe how many buds on this ehn shoot have failed. 



100. October 18. 


CHAPTER X 

PRUNING 



liJl. fsliowing how much 
the leaves or top of a 
young plant may be 
removed on trans- 
planting. 


128. We are now ready to discuss tiie reasons for pruning, 
and how the work should be performed. We have dis(;overed 
that there is competition between different plants end also 

between branches on the same plant. 
When one or more of the competitors 
is removed, the remain- 
ing plants or parts 

have better condi- 
tions and will prob- 

ably increase in "dgor. 

Pruning is a means of 
allowing the remaining 
branches a better op- 
portunity to develop. 

129. Pruning should therefore increase 
the vigor of remaining parts. In fruit trees 
it also thins the fruit, increafsing its size. 

It opens a tree-top to air and light; 

removes superfluous fruit -buds; allows 
more thorough spraying; increases ease of 
access into the tree by the pickers. Prun- 
ing also keeps plants within bounds, and 
corrects misshapen or awkward forms. 

130. The first pruning is performed 

when the plant is set or planted. The 
broken and dead roots are removed, and 
part of the top is taken away. There 
should be a proper balance between root 

( 59 ) 



102. Suggestions for 
pruning root and top 
of an apple trocj when 
it is transplanted. A 
pruned top is shown 
at a. 
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and top, when a tree is dislodged from the earth and taken 
to another place. We have found that the leaves of cuttings 
are sometimes reduced for a similar reason (63). In most 



103. Peaoh tree unpruned and pruned. 


trees and shrubs (except conifers) the top is cut back as 
much as one-half on transplanting. (Figs. 101, 102.) 

131. Young trees may be so pruned that so many branches 
will not grow as to confuse and crowd the tree-top later on. 
A few framework or scaffold branches should be left. (Fig. 

103. ) An effort should be made to shape the tree sym- 
metrically; and if the trees are to constitute an orchard, 
they should be uniform in shape and height of top. (Figs. 

104, 105.) ^^As the twig is bent the tree^s inclined.” 

132. Fruit 

plants should be 
so pruned as to 
encourage and 
spare sufficient 
hearing wood to 
insure a good 
crop. W e have 
identified the 
fruit-buds (Chap- 
ter VII). The 
strongest and best 
placed buds 



104. Well-shai>ed apple trees. In regions of intense 
heat and sunshine, as in parts of the \ve.stern United 
States and Canada, apple trees are usually trained lower 
than this, to .sliiold the trunk.s. 
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should be saved. Thinning the fruit-buds thins the fr'jit. 
In some fruit plants, the bearing wood is on canes that live 

or that bear for 
a single year 
only. Of such 
are blackberries 
and raspberries. 
'I'he raspberry 
cane that springs 
from th root 
this year, bears 
fruit next year, 
and th('n dies or 
beconubs so »';eak 
as to be worth- 
less; and the 
cane that conu^s 
up next year bears fruit the year after, thus maintaining the 
succession. Therefore, every fall or spring the canes that 
have borne should be cut away near the ground ; a certain 
number (four to eight) of the new ones should be allowed to 
remain; and these new ones are later cut ba‘*k to make them 
upright and to concentrate the bearing area. (^^igs. 100, 107.) 

133. Shrubs and trees grown for bloom may b(»ar their 
flowers from winter or resting buds, or from growing shoots 
of the season; if the former, they bloom very early in 
spring, as lilac, flowering almond, deutzia, weigela, for- 
sythia or golden bell; if the latter, they bloom later aft(?r 
active twig growth begins, as rose of sharon or hibiscus, 
hydrangea, privet, mock orange-, rovse acacia, most honey- 
suckles. If it is desired not to remove the bloom, those 
bushes that bloom from resting buds should be pruned 
or headed back (if at all) after flowering or when in leaf ; 
the other class should be pruned before flowering, or when 
the plant is dormant. 



105. Well-formed peach trees in the eastern region. 



heavily to fresh clean wood. (Fig. 108.) The vigor of the 
plant is condensed into a smaller area, new shoots arise, and 
a renewed top may be formed. 

135. In pruning, all long stubs should be avoided, and 
the cut should be smooth and not splintered. The “healing’^ 
of such a wound is merely the covering of the stub or cut 
area by a callus or ring of tissue that arises from the cambium 
region (between wood and bark); this callus does not form 

readily on Jong 
and leafless 
stubs. An un- 
covered wound 
tends to rot, and 
a hole is formed 
into the tree. 
Figs. 109 and 110 
show poor and 
good pruning. 
The limb should 



108 . Peach trees heavily cut back after a freeze. 




Review. — What do you understand by pruning? What does prun- 
ing accomplish? Is it “unnatural’^? How should newly set trees and 
plants be pruned? Why? What relation has pruning to the bearing 
wood? What are the considerations in the pruning of flowering shrubs? 
What kind of pruning is practised on weak or injured plants? How 
should the pruning wounds be made? How do wounds heal? When 
may pruning be performed? How would you prune a bearing apple 
tree (ask some one who knows)? A raspberry or blackberry bush? 




CHAPTER XI 

THE FORMS OF PLANTS 


137. Although the form of the branch, and to some 
extent the entire plant, is determined by a struggle with 
the conditions in which it grows, nevertheless each kind 
of plant has its own peculiar habit of growth. The lum- 



111. DilToront forma of trees. 


bcrnian distingnislu's the kinds of trees by their 'dooks/^ 
rather than by their leaves or flowers, as the botanist does. 
The farmer usually does the sanu* with his cultivated plants. 

138. The habit of a plant is determined by its size^ 
general style or direction of growth ^ form of head, and method 
of branching. The general style or stature 



of plants has been mentioned in Chapter 
III — they may be erect, strict, creeping, 
decumbent, and the like. The shape of 
the top or head is well illustrated in tre(\s. 
Note the general effect of the mass, as 
seen at a distance. The elm is vase-form 
or round-headed. (Fig. 111.) So are maple, 
beech, and apple trees. The Lombardy 
poplar (Fig. 112) is columnar or fastigiate. 
Young spruces and firs are conical. 
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j' / : ", : 5j Heads may be nar^ow^ 

vdfjie, jiaty symmetrical, y 
hreg^ita, or broken. 

139. The general leaf- 
age or furnishing of the 
top is different fo^ each 
kind. The top may be 
dense or thin. The foliage 
may be h'^avyy light, large, 
small. Compare maples 
and elms, apples and 

jj peachc's, and other trees. 

140. The trunk or hole 
of the tree is one of its 
most conspicuous fea- 
tures. Observe the strict 

113. The unbraiiched trunks of palms. straight trunk of the 

palm (Fig. 113), and the forking trunk of elms and maples. 
Observe that no two trees have trunks quite alike. The bark 
is different for each kind of plant. 
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shady top; another gaiety j from its moving, small, light- 
colored leaves; another heaviness, from its very large, dull 
foliage; another strength, from the massive branches; another 
grace, from the flowing outline or flexile growth. We think 
of the oak as strong, the willow as lithe, the aspen as weak, 



116 . Tlie many trunka of an old olive tree. Italy. 


and the like. Irregular or gnarly trees suggest struggle. 
If all plants, or even all trees, were alike, we should have 
little pleasure in them. 

142. The expression of a plant depends to some extent 
on the character of the shadows in the top. These shadows 
(or lights and shades) are best seen by looking at the plant 
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when the sun is low and behind the observer. Stand at 
some distance. Look at the dark niac^es in the old pasture 
maple: they are iumpj^ and irregular. In the pasture beech 
they are in layers or strata. The shadows depend mostly 
on the method of branching. Those who take photographs 
know how the “high iiglits^' and 
shadows develop on the plate. 

(Fig. 117.) 

143. The habit of a plant is 
usuall}' most apparent when it is 
leafless. The framework is then 
revealed. Woody plants are as 
interesting in winter as in sum- 
mer. Observe their forms as out- 
lined against the sky — every one 
different from every other. Notice 
the plant forms as they stand in 
the snow. (Fig. 114.) Compare 
this form with that of the cotton 

in Fig. 115; or with that of any The lights and ehade8.-Honey 
other plant. How do stems of locust treo. 

the pigweed differ from those of burdock and grasses? 
Observe how the different plants hold snow and ice. 

144. The more unusual the shape of any tree or other 
plant, the greater is our interest in it, because our curiosity 
is awakened. Some unusual circumstance or condition 
has produced the abnormal form. Such plants should be 
preserved whenever possible. (Fig. 116.) 

Review. — What do you mean by the statement that each kind of 
plant has its own habit (36)? How do plants differ in habit? Name 
some of the forms of tree-tops. How may plants differ in the furnish- 
ing of the top? Is the trunk characteristic? Bark? Bring in and 
describe the bark of three kinds of trees. What is the expression of 
a tree? Name some of the expressions? Explain what you under- 
stand by the shadows in the top. On what do the shadows chiefly 
depend? What is there to see in plants in winter? Why are we interested 
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in plants of unusual form? Tell how any two trees differ in ^looks,” 
Note. — One of the first things the pupil should learn about plants 
is to see them as a whole. He should get the feeling of mass. Then 
he should endeavor to determine why the mass is so and so. Trees 
are best to begin on. No two trees are alike. How do they differ? 
The pupil can observe as he comes and goes from school. An orchard 
of different kinds of fruits shows strong contrasts. Even different 
varieties of the same fruit may be unlike in habit. This is especially 
true in pears (Figs. 118, 119). It is well, also, to develop the feeling 
for the mass, and to apprehend the expression, in a field of wheat or of 
clover, a field of potatoes, an apple orchard, a vegetable garden: dis- 
tinguish the various plant forms and also the impression that the 
entire field or garden or woodland makes on you. 



1 18. A young pear tree oi the Kieffer 
variety. 



119. A pear tree of the Hardy 
variety. 


CHAPTER XII 

WATFP AND MINEPAL NT TRIFNTS.— ROOT ACTION 


145. Plant-food. — Havmg learned what a plant is and 
having seen it as a whoie, we may now inquire how it secures 
foo(i with which to live. We can discuss only the outlines 
of the suljject here: the puiiil may consider the question 
again when he takes up Part III. The plant secures water 
and mineral nutrients from the soil. It also takes up mineral 
elements which arc' not niitrieuits, but which enter the ]4ant 
because they are in solution in the soil-w^ater. The word 
plant-faod is used commonly to irn^lude the water and 
mineral nutrients taken in by thc^ roots. Technically, the 
word plant-food is used to designate such products as 
starch, sugar, fats and other substances elaborated by 
the plant. The lattcT usage is unfortunate, but we shall 
follow it here, a(;cording to botanical usage, to avoid 
confusion. 

146. Root Stn.icture. — Roots divide 
into the thinnest and finest fibrils: there 
are rootfi and then* are rootlets. The large, 
fleshy root of the radish (Fig. 120) ter- 
minates in a common-sized root to which 
little rootlets are attached. There are 
also little rootlets attached to the fleshy 
root at various places near the base. But 
the rootlets that we see are only inter- 
mediary, and there are numerous yet 
smaller structures. 

147. The rootlets, or fine divisions, are clothed with 
root-hairs (29), which are very delicate structures. Carefully 

( 69 ) 
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germinate radish or other seed, so that no delicate parts 
of the root will be injured. For this purpose, place a few 
seeds in packing-moss or in the folds of cloth or blotting- 

paper, being careful to keep them 
moist. In a few days the seed has 
germinated, and the root has grown 
an inch or two long. Notice that, 
excepting at a distance of about a 
quarter of an inch behind the tip, 
the root is covered with minute 
hairs (Figs. 11, 121). They are 
actually hairs, that is, root-hairs. 
Touch them and they collapse, they 
are so delicate. Dip one of the plants in 
water; remove it, — the hairs are not to be 
seen. The water mats them together along 
the root and they are no longer evident. 
Root-hairs usually are destroyed when a 
plant is pulled out of the soil, be it done 
ever so carefully. They cling to the minute 
particles of earth. Under a microscope, 
observe how they are flattened when 
they come in contact with grains of sand 
(Chapter II). These root-hairs clothe the young rootlets, 
and a great amount of soil is thus brought into actual con- 
tact with the plant. Root-hairs are not young roots: they 
soon die. 

148. Rootlet and root-hair differ. The rootlet is a compact, 
cellular structure. The root-hair is a delicate tube (Fig. 
122), within the cell-wall of which is contained living matter 
(protoplasm); the wall and the lining membrane permit 
water and substances in solution to pass in. Being long and 
tube-like, these root-hairs are especially suited for taking 
in the largest quantity of solutions; and they are the principal 
means by which material is absorbed from the soil, although 



121. Root of pumpkin 
Mecdling, showing the 
covering of root-hairs. 
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the surfaces of the rootlets theinselves do a small part. 
Water-plants probably absorb a ^eat q^iantity of water 


through the leaves and stems. 
Most of the higher plants, how- 
ever, growing in water, arc pro- 
vided with roots and root- hairs 
and considerable absorption is 
effected by these. Certai.o of the 
water-plants have roots but 
produce no root-hair-.; others, 
as the utricularia or tdadder- 
wort, have no roots whatever. 

149. Osmosis. — To under- 
stand how water enters the 



root-hair, it is necessary that 122 . Cross-soctlon of root, enlarged, 
we study showing loot-hairs. 

I the process of oE^mosis. A salt or sugar 

I solution, separated from water by a 

pi semi-permeable membrane, will in- 

1 'ijC crease its volume, due to the passage 

I into the solution of some of the water. 
This can be easily demonstrated. (Fig. 
123.) Dissolve in one pint of water, one 
ounce of either common household salt 
I (sodium chlorid) or saltpeter (sodium 
\ I ' H i ' nitrate). Saltpeter is a valuable plant 

I , j .1 1 II j I j I fertilizer. Tie securely over the large 

^ 'ijliX'l 1 1 1 mouth of the tube a piece of animal 

membrane (hog^s bladder is excellent 
:l j for the purpose). Now fill the enlarged 
end of tube with either the common 
I II fin ' salt or the saltpeter. Then sink the 

tube, as in Fig. 123, in the bottle A, of 
water, until the level of the water in the 
128. To aiuBtrate osmosis, tube stands at the same height as that 
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in the bottle. The tube may be readily secured in this position 
by passing it through a holc^ in the cork. In a short time, we 
notice that the liquid in N begins to rise, and in an hour or 
so it stands at F, say. The diffusion of water through this 
membrane into the salt solution is known as osmosis: I3nder 
these conditions, there is pressure in the tube and this pres- 
sure is known as osmotic pressure. We may have osmosis 
taking place from a weak solution to a stronger solution. 

150. The root-hairs secure water from, the soil . — The 
above experiment enables us to understand how the count- 
less little root-hairs act, — each one like the tube N, if only 
the whole surface of the tube were a bladder membrane, or 
something acting similarly. The soil-water does not contain 
much of the soil fertility; that is, it is a very weak solution. 
The active little root-liair, on the other hand, is always 
filled with cell-sap, a more concentrated solution; hence 
soil-water must come in, and along with it come also small 
quantities of dissolved food materials. Some of these ma- 
terials may be fertilizers that have been applied to the land. 

151. This principle of absorption of water by osmosis 
may now be demonstrated by another experiment. Fleshy 
pieces of root or stem will absorb water from weak solutions 
and become rigid; in strong solutions such fleshy parts will 
give up their water and become flexible. Cut several slices 
of potato tuber about one-eighth of an inch in thickness, 
and let them remain in the air half an hour. Make up two 
solutions of cane-sugar; (1) dissolve four ounces of sugar in 
a quart of water; (2) dissolve one-half ounce of sugar in a 
quart of water. Place pieces of the potato tuber in these 
solutions. In half an hour those pieces in the weak solution 
will be rigid or stiff (turgid); those in the strong solution 
will be flexible (flaccid). The potato tuber is composed of 
thousands of minute cells, each with a cell wall, protoplasm, 
starch grains, and cell-sap. The cell-sap contains sugars 
and various salts in solution. When the slice of tuber is 
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placed in weak sugar solution (each c,ell having a concen- 
tration greater than the outside solution), takes up water. 
The slices of tuber in the strong solution lose water because 
the concentration of the external solution is stronger than 
that of 'the cell-sap. 

152. The root-hairs are able to take up water from the 
soil because the soil solution is extremely dilute. If the soil 
solution v.ero strong, the plant might give up 


. To show 
>-pressure. 


water to the soil. It would be possible to add 
so nuich fertilizer to the land as to cruse the 
plant to lose water by exosmosis. There is 
seldom, however, any danger that the farmer or 
gardener will ada so much fertilizer to the soil, 
in practice, as to cause a wilting of the plant 
due to loss of water by exosmosis. 

153. The wat('r and salts in solution taken 
up by the root-hairs pass into the root proper 
and finally into definite routes that are con- 
tinuous from the root through the stems to the 
leaves. To illustrate the path of water-ascent^ 
insert a growing shoot in water that is colored 
with eosiri. (Eosin may be had of dealers in 
microscopic supplies. Common aniline may 
answer very well.) The tissues stained with 
the dye are the conducting tissues. In woody 
plants, the water is conducted in the young 
wood, not between the bark and wood 
^ as commonly supposed. 

1 154. The absorption of water by a 
root may be so rapid as to give rise to 
|t|)' distinct pressure. This force is root- or 
m sa'p-'pressure. It varies in different plants 
F and in the same plant at different times. 
The ‘'bleeding'' of plants is a manifesta- 
tion of this pressure. In the spring, the 
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maple and grape particularly exhibit strong sap-pressure. To 
illustrate root-pressure, grow squash or cucumber plants, and 
when they are about a foot or more in height cut off the 
plant close to the ground. To the plant stem attach a small 
piece of rubber tubing. Fill it with water and then connect 
it to a glass tube. (Fig. 124.) At intervals note the rise of 
water due to root-pressure. The root-pressure in a large 
cucumber plant may force sap to a height of five feet or more 
in a tube of five millimeters diameter. 

Review. — What is meant by plant-food? Plant nutrient? De- 
scribe the root structure. What are root-hairs? Their function? How 
do water plants secure water? Do they have roots and root-hairs? 
Explain osmosis. Exosmosis. How does water enter the root? Why? 
How can you illustrate the path of water-ascent? What is root- or sap- 
pressure? Why do plants “bleed?’^ Have you ever actually seen root- 
hairs? Explain where and when. Make a drawing as they appeared 
to you. 



CHAPTER XIII 


WATER AND MINERAL NUTRIENTS.— ACTION ABOVE 
THE ROOT 

155. The water in the soil is not usually present as free 
\\at(ir^ but in the form of films that adhere to the indi- 
vidual particles of soil. The root-hairs are in contact with 
the soil particles and films of water. (Fig. 125.) The finer the 
soil, the greater the number of soil-particles and the greater 
the film-moisture. The film -moisture surrounding the grains 
may not be perceptible, yet the plant 
can utilize it. Absorption by roots may 
continue in a soil that seems to be 
dust dry. 

156. The root must be warm if it is to 
perform its functions. A proper tempera- 
ture is essential to the life processes. 

Should the soil of fields or greenhouses 
be much colder than the air, the plant 
suffers. When in a warm atmosphere, 
or in a dry atmosphere, plants need to 
absorb much water from the soil, and 
the roots must be warm if the root-hairs 
are to supply the water as rapidly as it 
is needed. If the roots are chilled, the 
plant may wilt or die. Try this with two 
potted plants, as radish, coleus, tomato. 

Put one pot in a dish of ice water, and 
the other in a dish of warm water, and 
keep them in a warm room. In a short rootlets and 

, , , root-haira cling to the 

time notice how stiii and vigorous is particles of soil. 
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the one whose roots are warm, whereas the other may show 
signs of wilting. 

157. Plants take from the soil an immense quantity of 
water. A single corn plant may require in a growing season 
200 to 500 pounds of water. From 250 to 400 or more pounds 
of water are required for the production of one pound of 
dry matter in plants. Most of the water absorbed by the 
roots is given off by the plant as water vapor in a process 
of evaporation called transpiration (166). 

158. Water serves the plant in a number of ways. It is 
a nutrient for the plant and takes part in the formation of 
substances manufactured l)y the plant. The cell sap is 
water with substances in solution. The water serves as a 
carrier of the materials derived from the soil * and also 
for the manufactured food made within the plant. Let us 
see what nutrients the ordinary green plants secure from 
the soil. 

159. Nutrient Materials Secured from the Soil. — We have 

seen that all nutrient material must be in solution in water 
to be taken in by the root. The ordinary green plant obtains 
from the soil the following essential elements : 

NitroKon, ('hcirnical symbol N. Potassium, K. 

Phosphorus, P. Calcium, Ca. 

Sulfur, S. Magnesium, Mg. 

Iron, Fc. 

Chlorin is also an essential element for buckwheat. The 
elements in the above list (except nitrogen) are known as 
the mineral elements. All of the above elements are taken 
up not in their elemental form but in the form of salts. 

160. Ten elements are essential for the growth of all 
green plants. In addition to the seven above mentioned, the 
plant requires hydrogen, H, oxygen, O, and carbon, C. 
Hydrogen and oxygen are supplied in the form of water, 
which has the chemical formula H^O. Carbon for the green 
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plant is provided in the carbon dioxid ( CO 2 ) of the air. Oxygen 
is also derived from air (187). When the plj^nt is burned, the 
six mineral elements remain in the ash, 

161. The ash is but a very small part of the total weight 
of the plant. In a (‘orn plant of the roasting-ear stage, the 
ash (what remains after ordinary burning) is about one per 
cent of the total substance. A good wheat crop vill require 
per acre about ten pounds of phosphoric acid and about 
thirty pounds of potash. The amount of phosphoric acid 
removed by 200 bushels of 
potatoes is nine pounds; and 
of potash sixty pounds. 

162. The farmer does not 
add all the elements to the soil 
in the shape of fertilizers. Some 
of the nutrient elements are 
used in such small quantities 
and are present in the soil to 
such an amount that the ad- 
dition of them is not necessary. 

The farmer adds nitrogen, pot- 
ash and phosphorus to the land 
to provide nutrients, and he 
also adds calcium in lime or 
land-plaster because of its 
chemical and physical effect on 
the soil. Some of the fertilizers 
are mined, others are by-pro- 
ducts of packing-houses and 
other manufacturing establishments. Stable manure is gen- 
erally considered to be the best single fertilizer. 

163. Nitrogen is one of the most essential elements 
required by the plant. It is expensive to add to the soil as 
fertilizer. Fortunately, nature has provided a method 
whereby some of the inexhaustible nitrogen supply of the 



126. Nodules on soybean. 
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air is taken into the soil. Dig up a clover, vetch, pea, bean, 
cowpea, alfalfa or other legume plant. Carefully wash the 
soil away from the roots. Nodule swellings will probably 

be found on the roots. (Figs. 
126, 127.) In these nodules are 
certain bacteria that secure 
nitrogen from the air, and from 
which they build up more 
complex nitrogenous com- 
pounds. The legume host-plant 
then appropriates some of the 
nitrogen fixed by bacteria and 
the remainder, of course, re- 
mains in the bacteria. 

164. Only the leguminous 
plants bear these nodules. 
The legumes are plants of the 
great family Leguminosse, 
comprising all pea-like, bean- 
like, clover-like, acacia-like and 
other pod-bearing plants. It 
has been demonstrated that 
over 100 pounds of nitrogen 
per acre can be fixed by these 
nodule-forming bacteria dur- 
ing a growing season. These 
bacteria are not present in all 
fields. They must be intro- 
duced to fields on which 
legumes have not grown. 
Moreover, the bacteria that 
127. Nodulesonrootof CanatUfieldpoa. ^Jje alfalfa wlll not mfcct 

the cowpea. A different ^'strain^^ or variety is necessary for 
almost every legume. So important are the bacteria that 
the farmer who desires to enrich his soil and secure good 
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crops introduces these bacteria into his field by the appli- 
cation of soil taken from a field known to have them, or 
possibly in some cases he introduces tiie bacteria by the use 
of commercial cultures. Certain legume (iiops, as alfalfa, will 
do poorly unless the bacteria are present. 

165. A simple experiment will demonstrate the growth 
of plants in a nutrient solution, such as may exist in the 
soil. Secure from the dniggist the following chemicals and 
n\ake a solution of them, using the amounts here indicated: 


Potassium nitrate, KNO3 2 grains 

Calcium phosphate, monobasic, CaIl4(P04)2 1 grai’i 

Or Calcium phosphate dibasic 0a2H2(?04)2 i grain 

Magnesium sulfate, MgS04 0.50 grain 

Ferric chloride, very slight trace. 

Water (distilled) 5 quarts 


Fill four or five tumblers with this solution and cover 
the tumblers with paraffined paper. Germinate peas or seeds 
of a similar plant, and when the roots are two inches long 
punch holes in the paper and insert the roots through the 
holes into the nutrient solution. Place the cultures in good 
light and allow the seedlings to grow three or four weeks. 
For comparison, grow some of the plants in distilled water 
in place of the nutrient solution. 

166. Transpiration. — We have found that the plant 
takes nutrients from the soil in very dilute solutions. Much 
more water is absorbed by the roots than is used in growth, 
and this surplus water is given off from the leaves into the 
atmosphere by the evaporation process known as trans- 
piration (157). The transpiration takes place more abun- 
dantly from the under surfaces of leaves in most plants, 
and through the pores or stomates. It has been found that a 
sunflower plant of the height of a man, during an active 
period of growth, gives off more than a quart of water per 
day. A large oak tree may transpire 150 gallons per day 
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during the summer. For every ounce of dry matter pro- 
duced, it is estimated that fifteen to twenty-five pounds 
of water must pass through the plant. Cut off a succulent 
shoot of any plant, press the end of it through a hole in a cork 

and stand it in 
a small bottle of 
water. Invert 
over this bottle 
a large-mouthed 
bottle (as a fruit- 
jar), and notice 
that a mist soon 
accumulates on 
the inside of the 
glass. In time, 
drops of water 
form. The ex- 
periment may be 
varied as shown 
in Fig. 128. Or 
invert the fruit- 
jar over an entire 
plant, as shown 
in Fig. 129, tak- 
ing care to cover the earth with oiled paper or rubber cloth 
to prevent evaporation. 

167. Even in winter, moisture is given off by leafless 
twigs. Cut a twig, seal the severed end with wax, and allow 
the twig to lie several days: it shrivels. There must be some 
upward movement of water even in winter, else plants would 
shrivel and die. 

168. When the roots fail to supply to the plant sufficient 
water to equalize that transpired by the leaves, the plant 
wilts. Transpiration from the leaves and delicate shoots is 
increased by all of the conditions that increase evaporation, 
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as higher temperature, dry air or wind. In especially hoi 
weather, w^hen the wind is brisk ami the dry, the roots 
may be very active and yet fail to absorb tiifficient moisture 
to equalize that given off by the leaves. Any injury to the 
roots or even chilling them (156) 
may cause the plant to wilt. On a 
hot, dry day, note how the leaves 
of corn ‘^roir^ toward afternoon. 

Early the following morning, note 
lufw fr(\sh and vigornus the same 
leaves appear. Water is also forced 
up by root-pressure (154). Some of 
the dew on the grass in the morn- 
ing may be the water forced up by 
the roots; some of it is the condensed 
vapor of the air. 

169. The wilting of a plant is due 
to the loss of water from the cells. 

The cell walls are soft, and they col- 
lapse. A toy balloon will not stand alone until it is inflated 
with air or liquid. In the woody parts of the plant the cell 
w alls may be stiff enough to support themselves, even though 
the cell is eriipty. Measure the contraction due to wilting 
and drying by tracing a fresh leaf, and then tracing the 
same leaf after it has been dried between papers. The 
softer the leaf, the greater will be the contraction. 

Review. — What relation do root-hairs have to soil-particles? What 
is the effect of the chilling of roots? Of what use to the plant is water? 
What essential elements are taken from the soil? How many elements 
are essential for the plant? What is the ash? What elements does the 
farmer add as fertilizers? How may the nitrogen supply of the soil be 
increased? What plants possess the root nodule's? What is soil 
inoculation? What is transpiration? When does a plant wilt? 




CHAPTER XIV 

FOOD ELABORATION AND RESPIRATION 

170. Sources of Raw Material. — ^The ordinary green plant, 
as we have seen, secures water and certain substances from 
the soil. It also secures from the air raw material which it 
utilizes in the elaboration of food material. When a plant is 
thoroughly dried in an oven, the water passes off ; this water 
came from the soil. The remaining part is called dry sub-’ 
stance or dry matter. If the dry matter is burned in an ordi- 
nary fire, only the ash remains; this ash came from the soil. 
The part that passed off as a gas in the burning contained 
the elements that came from the air. It also contained 
some of those that came from the soil — all those (as nitrogen, 
hydrogen, chlorin) that are transformed into gases by the 
heat of a common fire. 

171. Carbon. — Carbon enters abundantly into the com- 
position of all plants. Note what happens when a plant 
is burned without free access of air, or smothered, as in a 
charcoal pit. A mass of charcoal remains, almost as large 
as the body of the plant. Charcoal is almost pure carbon, 
the ash being so small in proportion to the large amount 
of carbon that we look on it as an impurity. Half or more 
of the dry substance of a tree is carbon. The carbon goes 
off as a gas when the plant is burned in air. It does not go 
off alone, but in combination with oxygen, and in the form 
called carbon dioxid gas, CO 2 . 

172. The green plant secures its carbon from the air. 
In other words, much of the solid matter of the plant comes 
from one of the gases. By volume, carbon dioxid forms 
only about three-hundredths of 1 per cent of the air. It 

( 82 ) 
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would be very disastrous to animal life, oowever, if this 
small percentage were much increM..«‘'d, for it excludes the 
life-giving oxygen. Carbon dioxid is (jften called ‘‘foul- 
gas.’^ It may accumulate in old wells, and an experienced 
person will not descend into "?uch weils until they have been 
tested with a torch. If the air in the well will not support 
combustion, that is, if tiic torch is extinguished, i^ usually 
means that carbon dioxid has drained into the place The 
fdr of a closed schoolroom often contains far too much 
of this gas along ^\dth iittic solid particles of waste mu,t1«rs. 
Carbon dioxid is often known as carbonic acid gas. 

173. Appropriation of the Carbon. — The carbon dioxid 
of the air readily diffuses into the leaves and other green 
parts of the plant. The leaf may be delicate in texture, and 
air may diffuse directly into the leaf-tissues. There are, how- 
ever, special inlets adapted for the admission of gases into 
the leaves and other green parts. These inlets consist of 
numerous pores (stomates or stomata), which are especially 
abundant on the under surface of the leaf. They may also 
be present on the upper surface. The apple leaf contains 
about one hundred thousand of these pores to each square 
inch of the under surface. Through these pores the outside air 
enters into the air-spaces of the plant, and finally into the 
little cells containing the living matter. In Chapter XL 
these stomata will be studied. 

174. Chlorophyll. — The green color of leaves is due to a 
substance called chlorophyll. Purchase at the drug store 
about a gill of (grain) alcohol. Secure a leaf of geranium, clover, 
or other plant that has been exposed to sunlight for a few 
hours and, after dipping it for a minute in boiling water, 
put it in a white cup with sufficient alcohol to cover the 
leaf. Place the cup on the stove where it is not hot enough 
for the alcohol to take fire. After a time the chlorophyll is 
dissolved by the alcohol, which has become an intense 
green. Save this leaf for a future experiment. Without 
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chlorophyll, the ^lant can not appropriate the carbon di- 
oxid of the air. 

175. In most plants, this chlorophyll or leaf-green is 
scattered throughout the green tissues in little oval bodies, 
and these bodies are most abundant near the upper surface 
of the leaf, where they secure a large amount of light. With- 
out this green coloring matter, there would be no reason for 
the large flat surfaces that leaves possess, and no reason for 
the fact that the leaves are borne most abundantly at the 
ends of the branches, where the light is most available. 
Plants with colored leaves, as coleus, have chlorophyll, but 
it is masked by other coloring matter. This other coloring 
matter is usually soluble in hot water. Boil a coleus leaf and 
notice that it becomes green and the water becomes colored. 

176. Plants grown in darkness are yellow and slender, 
and do not reach maturity. Compare the potato sprouts 
that haVe grown from a tuber lying in the dark cellar with 
those that have grown normally in the bright light (Fig. 
45). The shoots have elongated until the food which is 
stored in the tuber is exhausted. These shoots have lived 
useless lives. A plant that has been grown in darkness 
from the seed will soon die, although for a time the little 
seedling will grow very tall and slender. Light induces the 
production of chlorophyll. Sometimes chlorophyll is found 
in buds and seeds, but it is probable in most cases that 
these places are not perfectly dark. Notice how potato tubers 
develop chlorophyll, or become green, when exposed to light. 

177. Photos3mthesis. — Carbon dioxid difi’uses into the 
leaf (173) and is used during sunlight, and oxygen is given 
off. We have seen (172) that carbon dioxid will not support 
animal life. Experiments show that carbon dioxid is absorbed 
and that oxygen is given off by all green surfaces in the hours 
of sunlight. How the carbon dioxid may be used in making 
organic food is a complex question and need be considered 
here only in a general way. 
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178. Chlorophyll absorbs certain of the sun^s rays and 
the energy thus derived is used in uj^iting t!ie carbon dioxid 
with some of thtj water brouglit up ironi the roots. The 
pro(fess is comph x, with sc'nie kind of sugar or starch as 
the ultimate product. Glucose is piobably the first carbo- 
hydrate formed. In most plants, the first visible product is 
starch. Certain plants do not produce starch. The common 
onion, amaryllis and iris are of this class. The process of 
using the carbou dioxid of the air has been known as carbon- 
assimiiation, but the term now commonly used is photo- 
synthenia (from Greek words, meaning “light^^ and ‘‘put 

together^O* 

179. Glucose or grape sugar is composed of carbon, hydro- 
gen, and oxygen (CgHi206). Starch is likewise composed 
of carbon, hydrogen, and oxygen, but differs in the percent- 
ages. Its chemical formula is generally given (CcHioOn). 
Cane sugar, malt sugar, woody substances are very similar 
in composition. They are called carbohydrates. In making 
the glucose sugar from the carbon dioxid and water, the 
oxygen gas is given off by the plant as a waste product. 
The general chemical formula for the process is: 6CO2+ 
6H20 = C(,Hi20g+G02. 

180. In the daytime the plant, therefore, tekes in carbon 
dioxid and gives off oxygen. It is not so easy to demonstrate 
this fact. Chemi(;al analysis is the only way of proving it. 
The escape of oxygen can best be demonstrated by employ- 
ing water plants. Make an experiment as illustrated in Fig. 
130. Under a funnel in a deep glass jar containing fresh 
spring or stream water, place fresh pieces of the common 
water-weed, elodea (or anacharis). In sunlight, bubbles of 
oxygen will arise and collect in the test-tube. Some of the 
bubbles may be only air, particularly if marked changes in 
the temperature of the water occur. A simple experiment is 
to immerse a stem of elodea in a test-tube of water and hold 
the tube in bright sunlight. Bubbles of gas will arise from 
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the cut end of the twig. This gas has been found to be largely 
oxygen. The water-plant gets its carbon dioxid gas from 
that which is dissolved in the water. A gas, as well as a 
solid, may be dissolved in water. Observe the bubbles on 

0 pond-scums and water-weeds on 

a bright day. 

181. Starch is present in the 
green leaves that have been ex- 
I)osed to sunlight; but in the dark 
no starch can be formed from 
carbon dioxid and water. Apply 
din to the leaf from which the 
ilorophyll was dissolved in a 
'(wious experiment (174). Note 
lat the leaf is colored purplish 
'own throughout. Starch gives 
a blue coloration with iodin. 
The leaf contains starch (76). 
Secure a leaf from a plant 
' that has been in the darkness 
for about two days. Dissolve 
I the chlorophyll, as before, 
? and attempt to stain this 
leaf with iodin. No purplish 

130. To show the escape of oxygen. produced. 

182. Plants or parts of plants that have developed no 
chlorophyll can form no starch. Secure a variegated leaf 
of coleus, ribbon-grass, geranium, or of any plant showing 
both white and green areas. On a day of bright sunshine, 
test one of these leaves by the alcohol and iodin method 
for the presence of starcli. Observe that the parts devoid of 
green color have formed no starch. However, after starch 
has once been formed in the leaves, it may be changed into 
soluble substances and removed to be again converted 
into starch in other parts of the living tissues. 
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183. Digestion. — The starch made by the leaf during the 
daytime is present in the form of imsolubie granules. In 
order to be carried from the leaf to othoi parts of the plant 
for purposes of storage or growth, it must be made soiuble. 
The starch of the leaves at night is conv-Med into sugars 
by the acti<m of enzymes^ or ferments, and is then conveyed 
to other parts of the plant. This conversion is a process of 
digestion. *ilt is much like the change of sta.’chy foods to 
sugary foodvS by the saliva. 

184. After being changed to the soluble form, this material 
is ready to be used in growth, either in the leaf, in the stem, 
or in the roots. With other more complex produces it is 
then distributed throughout all of the growing parts of the 
plant; and when passing down to the root it passes readily 
through the inner bark, in plants that have a definite bark, 
ri’his gradual downward diffusion of materials suitable for 
growth through the inmw bark is the process referred to 
when the “descent of sap’^ is mentioned. Starch and other 
products are often stored in one growing season to be used 
in the next season (Chapter VI). If a tree is constricted or 
strangled by a wire around its trunk, the digested food can- 
not readily pass down and it is stored above the girdle, caus- 
ing an enlargement. 

185. Assimilation. — The food from the air and the nutrients 
from the soil unite in the living tissues (see Photosynthesis, 
178). The sap that passes upwards from the roots in the 
growing season is made up largely of the soil-water and the 
salts that have been absorbed in the diluted solutions 
We have found that this upward-moving water is conducted 
largely through certain tubular cells of the young wood (153). 
These cells are never continuous tubes from root to leaf; 
but the water passes readily from one cell to another in its 
upward course. 

186. The upward-moving water gradually passes to the 
growing parts, and it comes in intimate contact with the 
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soluble carbohydrates and products of photosynthesis. In 
the building-up or reconstructive and other processes it is 
therefore available. There is a series of changes, gradually 
increasing in complexity. There are formed substances 
containing nitrogen, in addition to carbon, hydrogen and 
oxygen. Others will contain also sulfur and phosphorus, and 
the process may be thought of as culminating in protoplasm. 
Protoplasm is the living matter in plants. It is in the cells, 
and is usually semifluid. Starch is not living matter. The 
process of building up the protoplasm is called assimilation, 

187. Respiration. — In the maintenance and growth of 
the plant, energy is required. This energy is derived from 
the food that the plant has manufactured; and its ultimate 
source is the sunlight. For the release of this energy, chemi- 
cal changes are involved which require oxygen; as by- 
products, carbon dioxid gas is given off and water is formed 
in the cells; this whole process is respiration. This process 
of respiration is similarin animals. All animals require oxygen 
and give off carbon dioxid. Likewise, all living parts of 
the plant must have a constant supply of oxygen. 

188. In green plants, at night, carbon dioxid is given off 
into the air and oxygen is taken into the cells. In the day- 
time, respiration goes on, but the required oxygen is derived 
from the supply released in photosynthesis; and the carbon 
dioxid released in respiration supplies a part of the carbon 
dioxid used in photosynthesis. In the daytime, the plants 
tend to purify the air because they use carbon dioxid and 
give off oxygen. At night, like animals, they tend to make 
the air foul because they use oxygen and give off carbon 
dioxid. The carbon dioxid given off by a few plants at 
night, however, is so slight that it need not disturb one at all. 

189. The oxygen that the plants need may come into 
the plant through the stomata^ through pores in the stems or 
trunks of trees, or it may diffuse through the cell walls. 
All rapidly growing plants respire very freely. Germinating 
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seeds especially give off a large quantity of carbon dioxid. 
In a wide-mouthed bottle place severa! iuindred germinating 
pea seeds. Fill a small vial with a hiiered concentrated 
solution of barium hydrat(‘. Place the vial in the bottle 
with the seeds. Do not ?pill the solution. Tightly stopper the 
wide-moui bcd bottle and after several hours note the heavy, 
white precipitate that forms in ic. As a check, place a 
similar vial of barium hydrate solution is a c^imilar bottle 
lightly sioj)pered. Docs a heavy precipitate form? Using 
a piece of glass tubing, blow^ a*r into a bottle of barium hy- 
drate. The exhaled air is ricli in carbon dioxid. The water 
becomes turbid, due to the precipitate formed when carbon 
dioxid reacts with barium hydrate. 

Review. — What are the sources of the raw material? What part 
of the dry matter is carbon? What percentage of th(^ air is carbon 
dit)xid? How does it enter Ihe plant? What is chlorophjdl? What is 
necessary for its formation? What is meant by photosynthesis? What 
gas is given off in photosynthtjsis? What conditions are necessary for 
photosynthesis? What is meant by digestion of starch? What is meant 
by assimilation? R espiratio n? When does it occur? What gas is given 
off in the process? What gas is require JTn the process? Contrast the 
process of respiration in animals and plants. 
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190. Dependent and Independent Plants. — Plants with 
roots , and foliage usually depend on themselves. They 
collect the raw materials and make them over into assimi- 
lable food. They are independent Plants without green 
foliage cannot make food: they must have it made for them 



or they die. They are dependent The 
potato sprout (Fig. 45) cannot collect 
and elaborate carbon dioxid. It lives 
on the food stored in the tuber. 

191. All plants with naturally white 
or blanched parts are dependent. Their 
leaves do not develop. They live on 
organic matter — that which has been 
made by a plant or an animal. The 
Indian pipe, aphyllon (Fig. 131), 
beech -drop, coral -root (Fig. 132) 
among flower-producing plants, also 
mushrooms as well as bacteria and 
other fungi (Figs. 133, 134, 135) are 
common examples. 

192. Saproph3rtes and Parasites. — 
A plant that lives on dead or decay- 
ing matter is a saprophyte. Mush- 
rooms are examples: they live on the 
decaying matter in the soil. Mould on 
bread and cheese is an example. Lay 


131 . A parasite, growing in a piecc of moist bread On a plate and 

woods. — Aphyllon. It is in . , j. i_i t e 

bloom. invert a tumbler over it. In a few 
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SAPROPHYI’ES AND PARASITES 


91 


day^ it will be mouldy. The spores were in the air, or per- 
haps they had already fallen on the bread but had not had 
opportunity to grow. 

193. Saprophytes break down or decompose organic 


3 Chiei of these saprophytes art the 

organisms known as bacteria (Fig. 
e innumerable bodies are immersed in 
animal and plant 
absorb food over 
[i surface. By 
organic com- 

;hey produce de- H 

i\y through their ^ 

d that of many 
licroscopic fungi, 
ass into soil and 

are the bodies of ^ mushroom, example 
. , , of j, saprophytic plant. 

ammals removed 

ntinuing round of life is maintained, 
plant that secures its nutrition di- 
a living plant or animal is a parasitey 
nt or animal on which it lives is the 
[odder is a true parasite. So are the 
lildews that attack leaves and shoots 
them. The threads of the parasitic 
ally creep through the intercellular 
le leaf or stem and send suckers (or 
haustoria) into the cells. (Fig. 137.) 
In some forms these threads (or 
hyphae) penetrate the cells. The 
hyphae clog the air-spaces of the leaf 
and often plug the stomata, and they 
also appropriate and disorganize the 
^ ,, cell fluids: thus they injure or kill 

132. Corallorhiza or coral-root, . , • , . rpu r u i r 

showing the mycorhizas. tiieir llOSt. I Jie maSS 01 XiyphSC 01 a 
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134. The cultivated mushroom, a saprophytic plant. 


fungus is called mycelium. Some of the hyphsB finally grow 
out of the leaf and produce spores or reproductive cells 

which answer the 
purpose of seeds 
in distributing the 
plant (6, Fig. 137). 

195. The ab- 
normal condition 
produced in plants 
by fungous and 
bacterial parasites 
and by other agents 
is known as a dis- 
ease, On some 
plants, the disease takes the form of a leaf -spot or a blight; 
in others swellings or galls are produced. Cankers on branches 
of trees and on stems of herbaceous plants are produced 
by fungi living in the affected tissue. The well-known fire- 
blight and blight-canker 
of pears are caused by 
bacteria. The rots of 
fruits and vegetables 
are largely produced by 
fungi or bacteria. 

196. Some parasites 
spring from the ground 
(Figs. 131, 132), as 

other plants do, but 
they are parasitic on 
the roots of their hosts. 

Some parasites may be 
partially parasitic and partially saprophytic. Many (perhaps 
most) of these root-saprophytes are aided in securing their 
food by soil fungi, which spread their delicate threads over 
the root-like branches of the plant and act as intermediaries 



135. Saprophytic fungus. One of the shelf fungi 
(Polyporus) growing on dead trunks and logs. 
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between the food and the saproph>i:e. The roots of thf* 
coral-root (Fig. 132; are covered *vith this fungus, and 
the roots have practically lost the power of absorbing 
nutrients direct. These fungus-covered roots are known as 
mycorhizas (meaning ‘‘fungus root’O* Mycorhizas arc 
m ^5^ not peculiar to improphytes. They are found 
on many wholly independent plants as, for 
example, the heaths, oaks, apples and 
pines. It is probable that the fungus- 
13G. FiHoteria. much tiiroacis perfo^TO some of the oftices oi root- 
magnifieH. Other hflud, the 

fungus obtains some nourishment from the host. The 
association seems to be mutual. 


197. Some parasites are green-leaved. Such is the mistle- 
toe. They anchor themselves on the host and absorb its 


juices, but they also appropriate and use 
the carbon dioxid of the air. In some 
groups of bacteria the process of photo- 
synthesis, or something equivalent to it, 
takes place. 

198. Parasitism and saprophytism are 
usually regarded as degeneration, that is, 
as a loss of independence. The ancestors 
of these plants might have been inde- 
l>endent. Thus, the whole class of fungi 
is looked upon as a degenerate evolution. 
The more a plant depends on other 
plants, the more it tends still further to 
lose its independence. 

199. Epiphytes. — To be distinguished 
from the dependent plants are those that 
grow on other plants without taking food 
from them. These are green-leaved plants 
whose roots burrow in the bark of the 
host plant and perhaps derive some food 



137. A parasitic fungus, 
magnified. The my- 
celium, or vegetative 
part, is shown by the 
dotted - sh^ed parts 
ramifying in the leaf 
tissue- The rounded 
haustoria projecting 
into the cells are also 
shown. The long 
fruiting parts of the 
fun^s hang from the 
under surface of the 
leaf. 
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from it, but which subsist chiefly on materials that they 
secure from air-dust, rain-water and the air. These plants 
are epiphytes (meaning ‘‘upon plants^O or air-plants. 

200. Epiphytes abound in the tropics. Orchids are 
amongst the best known examples. (Fig. 13.) The Spanish 
moss or tillandsia of the South is another. Mosses and 
lichens that grow on trees and fences may also be called 
epiphytes. In the struggle for existence, the plants probably 
have been driven to these special places in which to find 
opportunity to grow. Plants grow where they must, not 
where they will. 

Review. — What is an independent plant? Dependent? Give 
examples. How are dependent plants distinguished from others in 
looks? Define saprophyte. Parasite. Give examples. What is a 
host? How does a parasitic fungus live on its host? What is meant by 
plant disease? What are hyphse? What is mycelium? What are root- 
parasites? Give examples. What is a mycorhiza? What is the relation 
of the soil fungus to its host? What is the role or office of saprophytes 
in nature? Are parasites ever green? Explain. What has probably 
been the evolution of most parasites and saprophytes? What is an 
epiphyte? Give examples. How do epiphytes live? Why may they 
have become epiphytes? 

Note. — Usually, the most available parasite is the dodder. It is 
common in swales from July until autumn, winding its coral-yellow 
stems about herbs and soft-growing bushes. It is a degraded mem- 
ber of the morning-glory family. It produces true flowers and seeds. 
These seeds germinate the following spring. The slender young vine 
grows from the ground for a time, but if it fails to find a host, it perishes. 
One of the dodders is a pest in alfalfa fields. From the Olfio River 
southward, the mistletoe is available. 



CHAPTER XVI 

LEAVES AND FOLIAGE 

201. Leaves may be studied from two puints of view" 
“"Wath reference to their fu ictwriy or what they do; and 
with reference to their /orm, or their shapes and lands. 

202. Function. — Leaves, as we have seen, make organic 
matter from carbon dioxid. almost any part of the plant, 
however, may bear chlorophyll and perform the function 
of leaves. The general form and structure of leaves is 
intimately associated with their function: they are thin and 
much expanded bodies, thereby exposing the greatest pos- 
sible surface to light and air. The position of the leaves 
usually has relation to light, as we have seen (Chapter 
VIII). Leaves usually hang in such a way that one casts 
the least shade on the other; those that have the least 
favorable positions die and fall. 

20*3. Parts. — Tveaves are simple or un- 
branched (Fig. 138), and compound or 
branched (Fig. 139). The method of 
compounding or branching follows the 
style of veining. The veining, or venation^ 
is of two general kinds: in most plants 
the main veins diverge, and there is a 
conspicuous network of smaller veins: 
such leaves are netted-veined. In other 
plants the main veins are parallel, or 
nearly so, and there is no conspicuous 
network: these are parallel-veined leaves 
(Fig. 150). The venation of netted- 
veined leaves is pinnate or feather-like, 
(95) 
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139. Compound or branched leaf of brake 
(which is a fern). 


when the veins arise from the side of a continuous midrib 
(Fig. 138); palmate or digitate (hand-like), when the veins 

arise from the apex of 
the petiole (Fig. 140). 
If the leaf were divided 
between the main veins, 
it would be pinnately 
or digitately compound. 

204. It is customary 
to speak of a leaf as 
compound only when 
the parts or branches 
are completely separate 
blades, as when the 
division extends to the midrib (Figs. 139, 141, 142). The parts 
or branches are known as leaflets. Sometimes the leaflets 
themselves are compound, and the 
whole leaf is then said to be bi-com- 
pound or twice-compound (Fig. 139). 

Some leaves are three-compound, four- 
compound, or five-compound. Decom- 
pound is a general term to express any 
degree of compounding beyond twice; 
compound. 

205. Leaves that are not divided 
to the midrib are said to be: 

lobed, openings or sinuses not 
more than half the depth of 
the blade (Fig. 143). 
cleft, sinuses deeper than the 
middle. 

parted, sinuses two -thirds or 
more to the midrib (Fig. 144). 
divided, sinuses nearly or quite 

141. Pinnately compound leaf of ash. tO the midrib. 



140. Digitate-veined peltate 
leaf of nasturtium. 
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The parts are called lobes, divisions, or segments, rather 
than leaflets. The leaf may be pinnat or digitately lobed, 
parted, cleft, or divided. A pinnately jiarti d 
or cleft leaf is somet imes said to be pinnatijid, 

206. Leaves may have one or all of ^ 

three part^ — 6ZaJe or expanded oart, petiole 
or stalk, stipulet^ or appendages at the base 
of the petiole. All these parts are shovvii in 
Fig. 115. A leaf that has all three of these i 

parts l^ said to be c/ '.Tplcte. The stipules a 1 
A arc often green and ^ 

/(W leaf-like and per- W 

TTN form the function ^ ® . 

foliage, as in the pound icaf of rii.<p- 

Japanese 

quince (the latter common in 

207. Leaves and leaflets that 
have no stalks are said to be sessile 
(Fig. 149), i.c., sitting. The same is 

143. Lobed leaf of sugar maple. 

of a sessile leaf may partly or wholly surroo.nd the stem, 
when it is said to br* clasping (Fig. 146). In some cases the 


143. Lobed leaf of sugar mapl(\ 


](^af runs down the stem, 
forming a wing: su(‘h leaves 
are said to be deavrreni 
(Fig. 147). When opposite 
x('ssiUi leaves are joined by 
tlieir bases, they are said 
to be connate (Fig. 148). 

208. Leaflets may liave 
one or all of these three 
parts, but the stalks of leaf- 
lets arc called petiolules and 



the stipules of leaflets are 144. L)ii,itateJy parted leaves of begonia. 
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146, Complete leaves 
of willow. 


146. Clasping leaf 
of wild aster. 


called stipels. The leaf of the garden bean has leaflets, 
petiolules, and stiples. 

209. The blade is usually attached to the 
petiole by its lower edge. In pinnate-veined 
leaves, the petiole seems to continue through 
the leaf as a midrib (Fig. 138). In some 
plants, however, the petiole 
joins the blade inside or be- 
yond the margin (Fig. 140). 
Such leaves are said to be 
peltate or shield-shaped. This 
mode of attachment is par- 
ticularly common in floating 
leaves (e.g., the water-lilies). 
Peltate leaves are usually 
digitate-veined. 

210. Shape. — Leaves and leaflets are infinitely variable 
in shape. Names have been given to some of the more 
definite or regular shapes. These names are a part of the 
language of botany. They represent ideal or typical shapes, 
but there are no two leaves alike and very few that perfectly 
conform to the definitions. The shapes are likened to those 
of familiar objects or of geometrical figures: 

Linear, several times longer than broad, with the sides 

\ nearly or quite parallel. Spruces and most grasses 
are examples. (Fig. 150.) In linear leaves, the main 
veins are usually parallel to the midrib. 

Oblong, twice or thrice as long as broad, with the sides 
^ parallel for most of their length. Fig. 149 shows the 
short-oblong leaves of the box, a plant which is much 
^ used for edgings in gardens. 

Elliptic differs from the oblong in having the sides gradu- 
w ally tapering to either end from the middle. The Eu- 
ropean beech (Fig. 151) has elliptic leaves. (This tree 
\ is often planted.) 
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Lanceolatef four to six times longer than broad, widest 

V below the middle and tapering to eacn end. Some of 

V the narrow-leaved willows are v.-\ample8. Most of 
^ the willows and the peach have oblong-lanceolate 

' leaves. 

Spaiulatey a narrow leaf that L broadest toward the apex. 

\ Tlie top is usually rounded It is much like an oblong 
leaf. 


Ovate, shaped somewhat like the longitudinal section of 
an egg: twice) as long as broad, tapering from near 
the base to the apex. This is one of the commonest 
leaf forms. (Fig. 152.) 

Obovate, ovate inverted, — ^the wide part toward the apex. 
Leaflets of horse-chestnut are obovate. This form is 
commonest in leaflets of digitate leaves. 

Reniform, kidney-shaped. This form is sometimes seen in 
wild plants, particularly in root-leaves. Leaves of 
wild ginger are nearly reniform. 

Orbicular, circular in general outline. Very few leaves are 
perfectly circular, but there are many kinds that are 
nearer circular than any other 
shape. (Fig. 153.) 

The shape of many leaves is 
described in combinations of these 
terms, as ovate-lanceolate, lanceo- 
late-oblong. 

211. The shape of the base and 
apex of the leaf or leaflet is often 
characteristic. The base may be 
rounded (Fig. 138), tapering (Fig. 

127), cordate or heart-shaped (Fig. 

152), truncate or squared as if cut 
off. The apex may be blunt or obtuse, acuie or sharp, 
acuminate or long-pointed, truncate (Fig. 154). 

212. The shape of the margin is also characteristic of 
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148. Two pairs of connate leaves 
of honeysuckle. 


each kind of leaf. The margin is entire when it is not indented 
or cut in any way (Fig. 149). When not entire, it may be 

undulate or wavy (Fig. 140), ser- 
rate or saw-toothed (Fig. 152), 
dentate or more coarsely notched 
(Fig. 138), crenate or 
round-toothed, lohed, 
and other forms. 

213. Leaves often 
differ greatly in shape 
on the same plant. 

Observe the different 
shapes of leaves on the 
young growths of mul- 
berries (Fig. 88) and 
wild grapes; also on vigorous squash and pumpkin 
vines. In some cases there may be simple and com- 
pound leaves on the same plant. This is marked 
in the so-called Boston ivy or ampelopsis (Fig. 155), 
a vine which is used to 
cover brick and stone build- 
ings. Different degrees of 
compounding, even in the 
same leaf, may often be 
found in honey-locust and 
Kentucky coffc^e tree. Re- iso. Linear- 
mark able differences in 
forms are seen by com- 
paring seed-leaves with mature leaves 
of any plant (Fig. 156). 

214. The Leaf and Its Environ- 
ment. — The form and shape of the 
leaf often have direct relation to the place in which the 
leaf grows. Floating leaves are usually expanded and flat, 
and the petiole varies in length with the depth of the water. 



acuminalo 
leaf of 
graas. 


149. 

Short-oblong leaves of box. 
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Submerged leaves are usually liw^ w or thread-like, or are 
cut into very narrow divisions. Then^b^^ b. more surface ex- 
posed, and possibly the lea^’es are less injured by moving 
water. 



of purple beech. of hibiscus. IfiS, Orbicular lobed leaves. 


215. The largest leaves on a sun-loving plant are usually 
those that are fully ex])osed to light. Compare the sizes of 
th(' kavfjs on the ends of branches with those at the base of 
the branches or in the interior of the tree-top (100). In 
dens(^ foliage masst^s, the petioles of the lowc'rmost or under- 


most leaves tend t^) elongate — to ])ush 
the leaf to the light. (Fig. 157.) 

21 G. On the approach of winter the 
leaf (Tas(‘s to work, and often dies. 
It may drop, when it is said bo be dc- 
cid'Uinis] or it may remain on the plant, 
when it is said to be 'perdstenL If 
persistent leaves remain green during 
the winter, the plant is said to be 
evergreen. Most leaves fall by break- 
ing off at the lower end of the petiole 
with a distinct joint or articulation. 



154. Truncate leaf of 
tulip-tree. 


There are many leaves, however that wither and hang 


on the plant until torn off by the wind: of such are the 
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155. Different forms of loaves from 
one plant of ampelopsis. 


leaves of grasses, sedges, lilies, orchids, and other plant; 
known as monocotyledons (Chapter XXV). Most leaver 

of this character are para)- 
/e/-vemed. 

217. Leaves also die and 
fall from lack of light. Ob- 
serve the yellow and weak 
leaves in a dense tree-top 
or in any thicket. Why do 
the lower leaves die on 
house-plants? Note the 
carpet of needles under the 
pines. All evergreens shed 
their leaves after a time. 
Counting back from the tip 
of a pine or spruce shoot, 
determine how many years 
the leaves persist. (Fig. 158.) In some spruces a few leaves 
may be found on branches ten or more years old. 

218. Although the forms and positions of leaves often 
have direct relation to the places and conditions in which 
the leaves grow, it is not probable that all forms and shapes 
have been developed to adapt the plant to its environment. 

It is probable that the toothing or lobing of the leaf-margins 
is due to the same causes that produce compounding or 
branching of leaves, but 
what these causes are is 
not known. It has been 
suggested that leaves have 
become compound in order 
to increase their surface and 
thereby to offer a greater 

exposure to light in shady places, but very many sun-loving 
species have compound leaves, and many shade-loving 
species have simple and even small leaves. Again, it has 



156. Muskmelon seedlings, with the unlike 
seed-leaves and true leaves. 
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pbeen suggested that compound leaveb shude underlying 
^leaves less' than simple leaves do. 

219. How to Tell a Leal. — It is often difficult to dis- 
tinguish compound leaves from leafy branches, and lei»flets 



167. A leaf mosaic of Norway maple. Note the varying lengths of petioles. 


from leaves. As a rule, leaves can be told by the follow- 
ing tests: (1) Leaves are temporary structures, sooner 
or later falling. (2) Usually buds are borne in their axils. 
(3) Leaves are usually borne at joints or nodes. (4) They 
arise on wood of the current-year^s growth. (5) They have 
a more or less definite arrangement. When leaves fall, the 
twig that bore them remains; when leaflets fall, the main 
petiole that bore them falls also. 

Review. — How may leaves be studied? . What is meant by function? 
What do leaves do? What other parts may perform the function 
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of leaves? How is the form of leaves associated with their function? 
What are simple leaves? Compound? What is venation? What are 
the types or kinds of venation? What are the two types of compound 
leaves? What is a leaflet? Define bi-compound; decompound. 
What are lobed, cleft, j)art,cil, and divided leaves? Pinnatifid 
leaf? Complete leaf? Complete leaflet? What is a sessile leaf? 
How may the petiole join the blade? How are the shapes of leaves 
named or classified? Define the shapes described in 210. Describe 
common shapes of the base of the leaf. Of the apex. Of the margin. 
How are the forms and sizes of leaves ever related to the place in which 
they grow? Why do leaves fall? Define deciduous. Persistiwit. Ever- 
green. When do pine leaves fall? How can you distinguish leaves? 










15H. Slioot of the (!ommon white pine, one-third natural size. 

The picture shown the falling of the leavtis from the diflFerent years’ growth. The 
part of the branch between the tip and A is the last aea.‘»on’s growth; between A and 
B it is two years old; the part betwe<*n B and C is three years old; it has few leaves. 
The part that grew four seasons ago — beyond C — has no leaves. 


CHAPTER XVTl 


MORPHOLOGY, OR THE STUDY OF THE FORMS OP 
PLANT MEMBERS 


220. Botanists ini. rpna all parts of the plant ir terms 
of root, stem and leaf. That is, the various parts, as thorns, 
flowers, fruits, bud-scales, tendrils, and abnormal or un- 
usual mtanbers, are supposed to represent or to stand in 
the place of roots, sterns (branches) or leaves. 

221. The forms of the parts of plants are interesting, 
therefore, in three ways: (1) merely as fornis^ which may 

named and descril)ed; (2) their r.^Iation to functionj or 
how they enable thc^ part better to live and work; (8) their 
orlfiin, as to how they came to be and whether they have 
been produced by the transformation or modification of 
other parts. The whole study of forms is known as morphology 
(literally, the ^‘science of forms’^. We may consider examples 
in the study of moiphology. 

222. It is customary to say that the various parts of 
plants are transformed or modified root, stem or leaf, but 
the words transformation and modification are not used in 
the literal sense. It is meant that the giveai part, as a tendril, 
may occupy the plac(‘ of or represent a leaf. It was not 
first a leaf and then a tendril: the part dcveloi)s into a ten- 
dril instead of into a leaf: it stands where a leaf normally 
might have stood: it is the historical des(*endant of the leaf. 

223. It is better to say that parts which have similar 
origins, which arise from the same fundamental type, or 
which are of close genealogical relationship, are homol- 
ogous, Thus the tendril, in the example assumed above, 
is homologous with a leaf. Parts that have similar func- 


( 105 ) 
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tions or perform similar labor, without respect to origins, 
are analogous. Thus a leaf-tendril is analogous to a branch- 
tendril, but the two are not homologous. ^ 

224. There are five tests by means of which ||l ^ 

we liaay hope to determine what a given part 
is: the appearance or looks of the part 

11 jP j (the least reliable test); (2) by the |l 

position of the part with relation 11 
other parts — ^its place on the j|| 
plant; (3) by comparison with h 
I similar parts on other plants fll 

169 Le f d morphology) ; (4) by 

ciadophyiiaof study of intermediate or connecting leo. Leaves of 
asparagus. parts; (5) by study of the develop- asparagus. 

ment of the part in the bud or as it originates by means of 
the microscope (embryology). The last test can be applied 
only by the trained investigator, but it often gives the most 
conclusive evidence. Even with the application of all these 
tests, it is sometimes impossible to arrive at a definite con- 


160. Leaves of 
asparagus. 



elusion as to the origin or morphology of a part. For ex- 
ample, it is not yet agreed whether most cactus spines 
represent leaves or branches, or are mere outgrowths of the 
epidermis (as hairs are). 
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225. The foliage 
of asparagus is com- 
posed of modified 
branches. The true 
leaves of asparagus 
are minute vvliitish 
scales, (a, Fig. 159.) 

'J'lic gr(>en foliage is 
produced in the axils 
of these scales. On 
the strong spring 
shoots of asparagus, 
which are edible, the 
true leaves appear as 
large scales, (a, a, 

Fig. 160.) These 
large scales persist on the base of 
the asparagus plant, even in the 

fall. In the species of greenhouse or ornamental 
asparagus, the delicate foliage is .also made up of 
green leaf-like branches. (Fig. 161.) In some cases 
the true leaves fall after a time, and there is little 
evidence left. The strong new shoots usually show 
the true leaves plainly (as in Fig. 162). Branches 
that simulate leavt'S are known as cladophylla 
(singular, cladophyilum). The broad flat leaves 
of florists’ smilax (common in glasshouses) are 
cladophylla. 

226. In the study of morphology, it is not 
enough, however, merely to determine 
whether a part represents root, stem or 
leaf: one must determine what part or 
kind of root, stem or leaf it stands for. 
For example, the foliage in Fig. 163 rep- 
resents green expanded petioles. These 




163. Phyllodia of aca- 
cia. These Australian 
trees are sometimes 
grown in glasshouses. 


162. Strong 
new shoot 
of Aspara- 
ffU8 Spren- 
geri, show- 
ing thetrue 
leaves and 
branches spring- 
ing from the axils. 
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Jeaf-Iike members have buds (which produce branches) in their 
axils, and they have the arrangement or phyllotaxy of leaves; 



164. The thorns are in the axils 


therefore they are considered to be 
true leaf parts. But they stand 
edgewise as if they might be pet- 
ioles; sometimes they bear leaf- 
blades; other acacias have com- 
pound expanded leaves; there are 
intermediate forms or gradations 


of leaves. 


between different acacias; young 


seedlings sometimes show intermediate 
forms. From all the evidence, it is now 
understood that the foliage of the simple- 
leaf acacias represents leaf-like petioles. 
Such petioles are known as phyllodia (sin- 
gular, phyllodium). 

227. Thorns and strong spines are usu- 
ally branches. The spines of hawthorns 
or thorn-apples are examples: they are 


I 



165. Two or more buds 



borne in the axils are borne in the axils, 
of leaves as branches are (Fig. 164); 
hawthorns usually bear two or more 
buds in each axil (Fig. 165), and one 
or two of these buds often grow the 
following year into normal leafy 
branches (Fig. 166); sometimes the 
thorn itself bears leaves. (Fig. 167.) 


KUi. Some of the buds pro- The thomS of wildillg 
duce leafy branches. pears, apples and plums 

are short, hardened branches. In well-culti- 
vated trees there is sufficient vigor to push the 
main branch into longer and softer growth, so 
that the side buds do not have a chance to 
start. The thorns of osage-orange and honey- 
locust are also branches. Those of the honey- 



167. The thorn 
may bear leaves. 
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which have a 



163. Leaf-. i>ine ot 
barberry. 


locust usually arise from supern«mierary buds that aie 
borne somewhat above the axils. 

228. Prickles j hristks onr^ weak spUes, 
definite arrangement the stem^ are usually 
modified leaves or parts of leaves. The s|>ines 
of thistles are harden^^d po'.nts of leaf-lobes. 

The spines of the t)arl)erry are reduced 
L aves; in th(‘ir axils are borne shoi-t branches 
or iee'-tufis (Fig. 168); in 
spring on young shoots may 
be found almost complete gradations from 
spiny leaves to spines. The prickly ash has 
prickles (Fig. 169) that simulate stipules 
and stipels, but the irregularity of position 
indicates that they are not homologous with 
stipules. The prickles of the common locust 
(robinia) are usually interpreted as stipules. 

229. Prickles y bristles and hairs that are 
scattered or have no definite arrangement y are 
usually mere outgrowths of the epidermis. 
They commonly are removed with the bark. 
Of such are the prickles of sq^^ashes, briars 
(Fig. 170), and the 
roses. 

230. The reason 
for the existence of spines is difficult 
to determine. In many or most 
cases they seem to have no distinct 
use or function. In some way they 
are associated with the evolution of 
the plant, and one cannot deter- 
mine why they came without know- 
ing much of the genealogy of the 
plant. In some cases they seem to be the result of the 
contraction of the plant-body, as in the cacti and other 



U’lO, Small prickles of 
the prickly ash. 



170. Prickles of dewberry. 
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desert plants; and they may then serve a purpose in lessen- 
ing transpiration. It is a common notion that spines and 
prickles exist for the purpose of keep- 
ing enemies away, and that hairs keep 
the plant warm, but these ideas usu- 
ally lack scientific accuracy. Even if 
spines do keep away browsing animals 
in any plant, it is quite another ques- \ / 

tion why the spines came to be. To 
determine what spines and hairs are 
|pr demands close scientific study of ^ 

each particular case, as does any other 

231. Leaves are usually smaller as fp, 

they approach the flowers. (Fig. 171.) The dim’inishin* leave. 
They often become so much reduced ofboneset. 

as to be mere scales, losing their office as foliage. In their 
axils, however, the flower-branches may be borne. (Fig, 172.) 

t Much-reduced leaves, particu- 
larly those that are no longer 
green and working members, 
are called bracts. In some 
cases, large colored bracts are 
borne just beneath the flowers 
and look like petals: the flow- 
ering dogwood is an example; 
also the bougainvillea, which is 
common in glasshouses ; also the 
scarlet sage of gardens, some of 
the euphorbias or spurges, and 
the flaming poinsettia of green- 
172. The uppermost flowers are borne houses. Sometimes a green leaf 

in the axils of bracts. — Fuchsia. . , , • . -i , 

IS borne close against a head or 
cluster of flowers, as in the clover (Fig. 173) ; but a separate 
bract or scale will be found for each flower in the head. 
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232. The scales oi buds are special k:nd.=? of bracts. In 
some cases each scale represents vm entire leaf; in others, 
it represents a ivetiole or stipule. 

In the expanding ])car, maple, lilac, 
hickory and horse-chestnut buds, 
note the gr?Hiation from diy scales to 
green leaf-like bodies. When the 
winter scales* fall by the* pushing out 
oi’ the 3 'oung shoot, scars are left: 
these scars form ‘hings,’^ wliieh mark 
the annual growths. (See Chap. VII.) 

The scales of bulbs are also special 
kinds of leaves or bracts. In some 
cases they are merely protective bodies] 
in others they are storehouses. We 
have found (45) that the presence of 
scales or bracts is one means of dis- 
tinguishing underground stems from 

, 173. Red clover. Leaves 

roots. 3-foliolato. 

Review. — What are cxinsidered to be the fundjunental or type 
forms from w)iich the parts of plants are dt^rivod? How do the forms 
of plants interest us? What is morpliology? What is meant by trans- 
formation and modification as used by the morphologist? What is 
meant by homologous partes? Analogous parts? Tdl how one may 
determine the morphology of any jiart. What is a cladophyllum? 
Phyllodium? Show a speurimen of one or the other, or both (canned 
asparagus can always be had in the market) What is the mori:>hology 
of most thorns? Explain the thorns of hawthorn. What are bristles, 
prickles and hairs? Why do spines and bristles exist? Explain what 
a bract is. A bud-scale. A bulb-scale. 




CHAPTER XVIII 

HOW PLANTS CLIMB 

233. We have seen that plants struggle ot contend for 
a place in which to live. Some of them have become suited to 
grow in the forest shade, others to grow on other plants as 
epiphytes, others to (^limb to the light. Observe how woods 
grapes, and other forest climbers, spread their foliage on 
the very top of the forest tree, while their long flexile trunks 
may be bare. One who has seen a dense tropical forest has 
realized the struggle for light on the tops of the trees. 

234. Th(?re are several ways by which plants climb, but 
most climbers may be classified into four groups: (1) scram- 
blersy (2) root-cliniherSf (3) tendril-vUmhers, (4) twiners. 

235. Scramblers. — Some plants rise to light and air by 
resting their long and weak stems on the tops of bushes 
and quick-growing herbs. Their stems are elevated by the 

growing twigs of th(^ plants 
on which they recline. Such 
plants are scramblers. Usu- 
ally they are provided with 
prickles or bristles. In most 
weedy swamp thickets, 
scrambling plants may be 
found. Briars, some roses, 
bed-straw or galium, bitter- 
sweet (Solarium Dulcamara, 
not the celastrus), the tear- 
thuinb polygonums, and other plants are familiar examples 
of scramblers. 

236. Root-climbers. — Some plants climb by means of 

( 112 ) 
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true roots, as explained in paragraph 31. These roois 
are of adventitious origin. They gr:uv iu horizontal di- 
rection and enter the chinks of walls or the furrows in the 
bark of trees. Fig. 12. the trumpet crec'per, is a familiar 
example. The true or Ei^glish ivy, which is often grown to 
<‘over buildings, is another example. (Fig. 174.) Still another 



175. Tendril of Virptinia creeper. The direction of tlio coil changes near the iimldh; 


is the poison ivy. Roots arc distinguished from stem tendrils 
by their irregular or indefinite position as well as by their 
mode of growth. 

237. Tendril-climbers. — A slender coiling part that 
serves to hold a climbing plant to a support is known as a 
tendril. Tlio free end swings or curv(‘S until it strikes some 
object, when it attaches itself and then coils and draws the 
plant close to the support. The sj)ring of th»' coil also allows 
the plant to move in the wind, thereby enabling the plant 
to maintain its hold. Slowly ])ull a w(*ll-niatured tendril 
from its support, and note liow strongly it holds on. Watch 
the tendrils in a sto?’m. To test the movement of a free ten- 
dril, draw an ink line lengthwise of it, and note that the line 
is now on the concave side and now on the convex side. 
Of course this movement is slow, but often it is evident in 
an hour or so. Usually the tendril attaches to the support 
by coiling about it, but the Virginia creeper and Boston ivy 
attach to walls by means of disks on the ends of the tendrils. 

H 
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238. Since both ends of the tendril are fixed, when it 
finds a support, the coiling would tend to twist it in two. It 
will be found, however, that the tendril coils in different 
directions in different parts of its length. In Fig. 175 the 
change of direction in the coil occurs at the straight place 
beyond the middle. In long tendrils of cucumbers and 
melons there may be several changes of direction. 



176. The fruit-cluHter and tendril of Krape are homologous. 


239. Tendrils may be either branches or leaves. In 
the Virginia creeper and grape they are branches; they 
stand opposite the leaves in the position of fruit-clusters 
(Fig. 176), and sometimes one branch of a fruit-cluster 
is a tendril. These tendrils are therefore homologous with 
fruit-clusters, and fruit-clusters are branches. 

240. In some plants tendrils are leaflets. Examples are 
the sweet pea (Fig. 177) and common garden pea. In 
Fig. 177, observe the leaf with its two stipules, petiole. 
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two normal leaflets and two or three nairs oi leaflet-terdrils 
and a terminal leaflet-tendril. The cobefi., a common gar- 
den climber, has a similar arraitgement. In some cases 
tendrils are stipules, as probably in the green briers (smilax). 

241. The petiole or midrib may act as a tendril, as in 
various kinds of clematis. In Fig. 178, two opposite leaves 
are attached at a. Eacli leaf is pinnately compound and 



177. In the sweet pea (and sardon pea) the leafle^a are tendiile. 


has two pairs of leaflets and a terminal leaflet. At 6 and 
c the midrib or rachis has wound about a support. The 
petiole and the petiolules may behave similarly. Examine 
the tall-growing nasturtiums in the garden. 

242. Twiners. — The entire plant or shoot may wind 
about a support. Such a plant is a twiner. Examples 
are bean, hop, morning-glory, moon-flower, false bitter- 
sweet or wax-work (celastrus), some honeysuckles, wis- 



116 


HOW PLANTS CLIMB 


taria, Dutchman’s pipe, dodder. The free tip of the twining 
branch sweeps about in curves, much as the tendril does, 
until it finds support or becomes old and rigid. 

243. Each kind of plant usually coils in only one direction. 
Most plants coil against the sun, or from the observer’s 



178. Clomatis climbs by means of its Icaf-stallcs. 


left across his front to his right as he faces the plant. 
Such plants are said to be antitropic, or to move against 
the sun from the position in which the observer stands. 
Examples are bean, morning-glory. The hop twines from 
the right to his left; such plants are eutropic (with the sun). 
Fig. 179 shows the two directions. 
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179. Antitropio and eutropic twiners. — raise flowiT-clusU^r ) 

bitter-swe;('t and hop. , ^ « 1 / 

Ktands oppD-^jr 

site tho bud in tho grapo and X^irf^inia cm^per. Note that a V 
srape-shoot (>nds in a tcnidril (a, Fij?. 180). 'I'lu» tendril 
repres(!nts the true axis of tlu^ shoot. On the side ii leaf is J||L 
borne, from the axil of which tho branch grows to (jontiiiue ^ 
th(^ shoot. This braruih ends in a 1(aidril, h. 

Another leaf has a branch in its axil, and this 

branch ends in th(‘ tendril c. The r(*al ap(‘x of the \ 

shoot is successively turn(*d asid(' until it appears 

to be lateral. ''Fhat is, the morphologically terminal 1 

points of the successive shoots are th(‘ tendrils, and 

the ordcT of their ap'pearing is ri, b, c. Th(* tendrils 

branch: observe tlie minute scale rc'pn^senting a 

leaf at the base of each branch. I'his type*, of branch- f^ynipode 

ing — the axial growth being continued by succiessive grape. 

lateral buds — is sympodial, and the branch is a 

sympode. Continuous growth from the terminal bud 

is monopodial, and the branch is a ?nonopode. 


180. Sympode 
of the grape. 
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244. We have seen (87) that branches arise from the 
axils of leaves. Sometimes the leaves may be reduced to 
bracts and yet branches are borne in their axils (225). Some 
of the branches grow into long limbs; others become short 
spurs or thorns (227); others hesir flowers, 

, 245. Flowers are usually borne near the 

top of the plant, since the plant must grow 
before it blooms. Often they are produced in 
^ great numbers. It results, therefore, that 

||j JK flower-branches usually stand close together, 
1^ forming a cluster. The shape and arrange- 

W ment of the flower-cluster differ with the kind 

ll / of plant, since each o. k 

plant has its own mode 

1 ^ 24G. Or tain definite / \S4// 

/ or well-marked types ll 

j of flower-clusters have 

H received names. Some 

101 or. . of these names we shall 

181. Solitary ter- ^ 

minal flower of disCUSS, but the 

corn-cockle. flo^tT-clustcrS that 

perfectly match the definitions sire 
the exception rather than the rule, y 
The determining of the kinds of 
flower-clusters is one of the most 

. Lateral flower 

perplexing subjects in descriptive ofabutiion. 

botany. We may classify the sub- ^ 

( 118 ) 


182. 

Lateral flower 
of abutilon. 
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ject around three ideas: solitary 
flowers, corymbose clusters, cymose 
clusters. 

247. Solitary Flowers. — In 

many cases flowers are borne 
singly. They are then said to be 
solitary. Tiie solitary flow( r may 
be either at the end of tlie main 
slioot or axis (Fig. 181), when it 
is said to be terminal, or from 
the side of the shoot (Fig. 182), 
when it is said to be lateral. 



183. Leafy flower-cluster of fuchsia. 


The lateral flower is also said to be axillary. 



184. Racemes of sweet 
clover. 


248. Corymbose Clusters. — If the 
flower -bearing axils were rather close 
together, an open or leafy flower-cluster 
might result, as in Fig. 183. The fuchsia 
continues to grow from the tip, and the 
older flowers are left farther and farther 
behind. If the cluster were so short as 
to be flat or convex on top, the outer- 
most flowers would be the older. A 
flower-cluster in which the lower or outer 
flowers open first is said tc be a corym- 
bose cluster. It is sometimes said to be 
an indeterminate cluster, since it is the re- 
sult of a type of growth which may go on 
more or less continuously from the apex. 

249. The simplest form of a definite 
corymbose cluster is a raceme, which is 
an unbranched open cluster in which the 
flowers are borne on short stems and 
bloom from below (that is, from the older 
part of the shoot) upwards. The raceme 
may be terminal to the main branch, or it 
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maybe toUo it,as FPfW 
in Fig. 184. Racemes | 

often bear the flowers j;; i 

on one side of the stem, iV- s.-.'. | i 

or in a single row. 

250. When a corym- 
bose flower -cluster is 
long and dense and the 

flowers are sessile or yjlBM 

nearly sO, it is called a ^ P 
spike (Figs. 185, 186). 

Common examples of 
spikes are plantain, — i:~ — 

IH.). Loose »pik(*s of l8ils(5 
mignonette, mullein. draKon’s-heud or pliyso- 

251. A very short 

and dense spike is a head Clovers (Figs. 173, 
187) are examples. The sunflower and related 
plants bear many small flowers in a very dense 
head. This special kind of head of the sun- 
flower, thistle and ast(*r trib('s has been called 
an anthodiuiUy but this word is little used. Note 


IHo. Loose spikes of false; 
<lraKon’8-heud or pljyso- 
stegia. 



186. Spike of 
li yacin ih. 
Note, al.so, 
that the 
flowers and 
foliage are 
produced 
from the 


stored food 
in the bulb, 
only water 
being given. 



AO# . 

Head of crimson 
clover. 


that in th(i sunflower (Fig. 188) the outside or 
exterior flowtTs open first. Very often the antho- 
dium terminates the main stem, as in Fig. 189. 



252. Another 
special form of 
spike is the cat- 
kiriy which usu- 
ally has scaly 
bracts and the 
whole cluster is 
deciduous after 
flowering or 
fruiting, and the 
flowers (in typi- 
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cal cases) have only one sex. Ex- 
amples are the ''pussies'^ of willows 
(Fig. 229) and flower-clusters of 
oaks (Fig. 228), hickories, poplars 
and walnut (Fig. 190). 

253. When a loose, elongated 
corymbose flower-cluster branches, 
or is compound, it is called a pan- 
icle. Because^ of tlie carli(‘r growth 
of the lower branches, the paricle 
is usually broadest at t tie base or 
conical in outline. Th(‘ flower- 
cluster of the oat is an example. 

(Fig. 191.) True panicles are not 
common. 

254. When an indeterminate 
flower-cluster is short, so that the 

top is con- 
vex or flat, 
it is a 
c 0 r y 7nb . 

(Fig.' 192.) 

The outer- 
most flowers open firsL. Fig. 193 
shows many corymbs of the bridal 
wreath, one of the spirc^as. 

255. When the branches of an 
indeterminate cluster arise from a 
common point, like the frame of 
an umbrella, the cluster is an umbeL 
(Fig. 194.) Typical umbels occur 
in carrot, parsnip, parsley and other 
plants of the parsley family: the 

10. Catkins of black walnut, jg known as the Umbellifer», 

at 6. Pistillate flowers at a. *' r m t t. 

Paragraph 284. OP umbel- bearing family. In the 




weed (in some plarcs erro- 
noouHly ci'lled ox-eye dmsy). 
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carrot and many other Umbelliferse, 
there are small or secondary umbels, 
called umbellets, at the end of each of 
the main branches. (In the center of 
the wild carrot umbel one often finds a 
single, purplish, often aborted flower, 
comprising a 1-flowered umbellet). 

256. Cymose Clusters. — When the 
terminal or central flower opens first, 
the cluster is said to be cymose. The 
growth of the shoot or cluster is deter- 
minatey since the length is definitely 
determined or stopped by the terminal 
flower. Fig. 195 shows a determinate 
or cymose mode of flower-bearing. 

257. Dense cymose clusters are 
191. Panicle of oat. usually flattish on top because of the 

frAifal?/!,/ cessation of growth in the main 



192. Corymb of candytuft. 193. Corymbs of the bridal wreath (spirea). 
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sometimes open and loose. 

These flower-clusters ere known 
as cymes. Apples, pears (Fig- 
196) and cherries bear flowers 
in cymes. Some (‘yme-forms 
are like umbels in genenal ap- 
pearance. A head-like C.vmOSe 104. Compound umbel of 

cluster is a glomenile: it blooms 

from the top downwards rathe’* than 
from the base upwards. 

258 Centripeta' and Centrifugal. — 
A cluster in which the outermost 
(or lowermost) flowers open first is 
corymbose or indeterminate, as we 
have learned; it is also said to be 
centripetal (meaning ^Toward the cen- 
ter’ 0- A cluster in which the inner- 
most or central flowers open first is 
cymose or determinate; it is also said 
to be centrifugal (meaning “away from 
the center”). These contrasts can 
best be under- 
stood by study 
of diagrams, 
since actual 
clusters so often 
vary from the 

arrunKomont,-^Wild geranium, ^sg^nied Stan- 
dard. Such diagrams are presented in 
Figs. 197, 198, 199. 

259. Mixed Clusters. — Often the 
cluster is mixed, being determinate in one part and indeter- 
minate in another part of the same cluster. This is the case 
in horse-chestnuts. The main cluster is indeterminate, but 
the branches are determinate. The cluster has the appear- 
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197. Forms of centripetal flower-clusters. 

1, raceme; 2, spike; 3, umbel; 4, head or anthodium; 5, corymb. 



199. Centrifugal inflorescence 
1, cyme; 2, scirpioid cluster(or half cyme 
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ance of a panicle, and is usually so called, Lut it is really a 
thyrse. Lilac is a fan' ilia r example of a thyrse. In some 
cases, the main cluster is determinat(^ and the branches are 
indeterminate, as in hydran^;ed and elder. Such clusters also 
are mixed clusters. 

260. Inflorescence. — The taode or method of flo’^er 
arrangement is known as the inflorescence. That is, the 
inflorescence is cymose, corymbose, paniculate, :.picate, 
solitary. By custom, ht^wever, 

th(' word inhorescenco has come 
to be used for the flower-cluster 
itself in works on descriptive 
}) 0 tan 3 ^ Thus a cyme or a 
panicle may be (;alled an inflo- 
rescence. It will be seen that 
even solitary flowers follow either 
indc^terminate or determinate 
methods of branching. 

261. The Flower-stem. — The 
stem of a solitary flower is known 
as a peduncle; also the general 
stem of a flower-cluster. The 
stem of the individual flower in 
a cluster is a pedicel. 

262. In the so-c^alled stemless plants (37) the peduncle 
may arise directly from th(' ground, or crown of the plant, 
as in dandelion, hyacinth (Fig. 186), garden daisy (Fig. 200). 
This kind of a peduncle is called a scape. A scape may bear 
one or many flowers. It has no foliage leaves, but it may have 
bracts. In some cases, of course, the flowers are sessile^ and 
in others very nearly sessile (207). In Fig. 201, the little 
fruits (following the flowers) are in close clusters m the axils 
of the leaves. 

Review. — What is the homology of flower-branches? How is it 
that flowers are often borne in clusters? Explain what may be meant 



200. ScapcM ot thf true or 
Englisb daisy. 
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by a solitary flower. What are the two types of flower-clusters? What 
are corymbose clusters? Define raceme. Spike. Head and anthodium. 
Catkin. Panicle. Umbel. UmbeUet. Corymb. What are cymose 
clusters? What is a cyme? Glomerule? Contrast indeterminate and 
determinate modes of branching. Centripetal and centrifugal. Explain 
mixed clusters. What is a thyrse? Define peduncle, pedicel and scape. 

Note. — In the study of flower-clusters, it is well to choose first 
those that are fairly typical of the various classes discussed in the 
preceding paragraphs. As soon as the main types are well fixed in the 
mind, random clusters should be examined, for the pupil must never 
receive the impression that all flower-clusters follow the definitions in 
books. Clusters of some of the commonest plants are very puzzling, 
but the pupil should at least be able to discover whether the inflores- 
cence is determinate or indeterminate. 



201. The practically sessile axillary clusters of coffee. 
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263. The flower e:dsts for the puipose of producing 
seed. It is probable that all its varied fornio and colors 
eontribute to this supreme eiid. These forms and colors 
please the human fancy and make living the happier, but 
the flower exists for the good of the plant, not for the good 
of man. 

264. l^he parts of the flower are of two general kinds — 
those that act as covering and protecting organs^ and those 
that are directly concerned in the production of seeds. The 
former parts arc known as the floral envelopes; the latter as 
the essential organs, 

265. Envelopes. — The floral envelopes usually bear a 
close resemblance to leaves. These envelopes are very com- 
monly of two series or kinds — the outer and the inner. The 
outer series, known as the calyx, is usually smaller and green. 
It commonly comprises the outer cover of 
the flower-bud. The calyx is the lowest 

whorl in Fig. 202. 

inner series, 

known as the co- 

roZZa, is usually 

0 colored and more 

202. Flower of a butter- Special OF irregular 

cupinBection, ^^aU the 203. Plower of buttercup. 

calyx. It is the showy part of the flower, as a rule. The 
corolla is the second or large whorl in Fig. 202. It is the 
large part in Fig. 203. 

266. The calyx may be composed of several leaves. Each 

027 ^ 
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leaf is a sepal. If it is of one piece, it may be lobed or di- 
vided, in which case the divisions are called calyx-lobes. In 

like manner, the corolla may be 
composed of petals^ or it may be 
of one piece and variously lobed. 

267. A calyx of one piece (as in 
Fig. 204), no matter how deeply 
lobed, is gamosepahiis, A corolla 
of one piece is gamopetalom. When 
these series are of separate pieces 
(as in Fig. 202), the flower is said 
to be polysepalous and polypeiahus. 
Sometimes both series are of sep- 
arate parts, and sometimes only 
one of them is so formed. The 
floral envelopes are homologous 
with leaves. 

268. Sepals and petals, at least when more than three or 
five, are each in more than one whorl, and one whorl stands 
below another so that the parts over- 
lap. They are borne on the expanded 
or thickened end of the flower-stalk: 
this end is the torus. In Fig. 202 all 
the parts are seen as attached to the 
torus. This part is sometimes called 
a receptacle, but this word is a com- 
mon-language t(*rm of several mean- 
ings, whereas torus is a technical word 
exclusively. Sometimes one part is 
attached to another part, as in the 
fuchsia (Fig. 205) in which the petals 
are borne on the calyx-tube. 

269. Essential Organs. — The 
essential Pisans are borne within 
the floral envelopes (when envelopes 
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200. Pistil of garden poa, 
the stamens being pulled 
down in order to disclose 
it; also a section, showing 
the single oompartment. 



207. f^iimple pistils of 
buttercup, one in 
longitudin..! section. 


are present). They are of two series. The outer series is 
composed of the stamens. The inner series is composed wf 
the pistils. Sta/nens and pistils are 
homologous with lerwes. 

270. Stamens bear 
the pollmy which io 
made up of a large 
number of minute 
grains. The staiiien is 
of two parts, as readily 
seen in Figs. 202, 203, 205,- -the enlarged terminal part or 
anther y and the stalk or filament. Tlie filament is often so 
short as to seem to be absent, and the 
anther is then said to be sessile. The anther 
bears the pollen grains. It is made up of 
two or four parts (known as sporangia or 
spore-cases), which burst and discharge the 
pollen. When the pollen is shed, the 
stamen dies. 

271. Pistils bear the ovules y which become 
seeds. The pistil may be of 
one part or compartment, or 
of many parts. The different 
units or parts of which it is 
composed are carpels. Each 
carpel is homologous with a 
leaf. Each carpel bears one 
or more seeds. A pistil of 
one carpel is simple; of two 
or more carpels, compound. 

Usually the structure of the 
pistil may be determined by 
cutting across the lower or 
seed-bearing part. Figs. 206, 207, 208 explain. A flower may 
contain one carpel (simple pistil) as the pea (Fig. 206); 



208. Compound pistil 
of a St. John’s-woit. 
It has 5 carpels. 



209. The structure of a plum blossom, 
fie, sepals; p. petals; ata. stamens; o. 
ovaiy; h. style; at. .stigma. The pistil 
consists of the ovary, style, and stigma. 
It contains the seed part. The stamens 
are tipped with anthers, in which the 
pollen 18 borne. The ovary, o, ripens 
into the fruit. 


I 
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fx • several separate carpels or simple pistils, as the 
^ buttercup; or a compound pistil, as the St. John's- 
208). 

\(w 272. The pistil, whether simple or compound, 

y has three parts: the lowest or seed-bearing part, 
^ which is the ovary; the stigma at the upper 
extremity, which is a flattened or expanded 
I surface and usually roughened or sticky ; the 

stalk-like part or style, connecting the ovary 
M and stigma. Sometimes the style is appar- 

\ ently wanting, 

stigma 

' Hr 

sessile on the 
ovary. These 

210. Knotweed, a very common but inconspicuous plant parts afe shoWn 
along hard walks and roads. Two flowers, enlarged, arc , , - , , 

shown at the right. These flowers are very small and in tlie lUCllSia, 
borne in the axils of the leaves. Fig 205 The 

ovary or seed vessel is at a. A long style, bearing a large 


stigma, projects from the flower. See, 
also. Figs. 207 and 209. 

273. Conformation of the Flower. — 
A flower that has calyx, corolla, stamens 
and pistils is said to be complete; all 
others are incomplete. In some flowers 
both the floral envelopes are wanting: 
such are naked. When one of the floral 
envelope series is wanting, the remaining 
series is said to be calyx, and the flower 
is therefore apetalous (without petals). 
The knotweed (Fig. 210), smartweed, 
buckwheat, elm (Fig. 96), are examples. 

274. Some flowers lack the pistils but 
have stamens: these are staminate, 
whether the envelopes are missing or 



211. Flower of garden 
nasturtium. Separate 
petal at a. The calyx ia 
prolonged into a spur. 
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not. Others lack the stamens but havj pistils: these are 
'pistillate. Others have neither stamons nor pistils: these ere 

sterile (suowball and hydrangea). 
Those that have noth stamens and 
pistils are perfect^ whether or not 
the envelop(^s are missing. Those 
that lack either stamens or pistils 
L "N arc?‘???per/ed ordichViows. 

flowers are imperfect or 

f 275. Flowers in whicli 

t the parts of each series 

212. The five petals of the paney, 213. Flower are alike arC gp 
detached to .how the form. of iatnip. g^ij tO be rcpw/flr | 

(as in Figs. 202, 203, 204, 205). Those in which 
some parts are unlike other parts of the same serif's 
are irregular. The irregularity may be in the calyx, 
as in nasturtium (Fig. 211); in the corolla (Figs. 

212, 213); in the stamens (compare nasturtium, 
catnip (Fig. 213) sage, or in the pistils. Irregularity 
is most frequent in the corolla. 

Review. — What is the flower for? What are the two 
general kinds of organs in the flower? What is the 
homology of the flower-part.s? What 
are floral envelopes? Calyx? Sepals? (S 

Calyx-lobes? Corolla? Petals? Corolla- T 

lobes? Gamosepaloiis flowers? Gamo- 
petalous? Pob'sepalous? Polypetalous? 

Define torus. What are the essential I 

organs? Stamen? Filament? Anther? 

Pollen? Pistil? Style? Stigma? Ovary? 

Carpel? Define a complete flower. In 
what ways may flowers be incomplete? 

Explain perfect and imperfect (or di- Dissect- 

clinous) flowers. Define regular flowers. 214 .I^rovi«d 
In what ways may flowers be irregular? stand for lens. si*e. 
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Note. — ^One needs a lens for the examination of the flower. It is 
best to have the lens mounted on a frame, so that the pupil has both 
hands free for pulling the flower in pieces. An ordinary 
pocket lens may be mounted on a wire in a block, as in 
Fig. 214. A cork is slipped on the top of the wire to avoid 
injury to the fae('. The pupil should be provided with two 
dissecting needles (Fig. 215), made by securing an ordinary 
needle in a pencil-like stick. Another convenient arrange- 
ment is shown in Fig. 216. A small tin dish is used for the 
base. Into this a stiff* wire standard is 
soldered. The dish is filled with solder, 
to make it heavy and firm. Into a cork 
slippwl on th(^ standard, a crosswire is 
inserted, holding on the end a jeweler’s 
glass. The lens can be moved up and 
down and sidewise. This outfit can be 
made for about seventy-five cents. Fig. 217 
shows a convenient hand-rest or dissecting 
stand to be used under this lens. It may be 
16 in. long, 4 in. high, and 4 or 5 in. broad. 
Various kinds of dissecting microscopes are on 

the market and these are to be recommended 

216 . ^ 





217. Dissecting stand. 



CHAPTER XXI 

FERTILIZATION AND POLLINATION 


276. Fertilization. — Seeds result from the union of two 
elements or parts. One of these elements, a nucleus of a 
plant -cell, is borne in the germinating pollen-grain. The 
other element, an egg-ceUy is borne in the ovary. The pollen- 
grain falls on the stigma. (Fig. 218.) It absorbs water or the 
juices exuded by the stigma and grows by sendhig out a 
tube. (Fig. 219.) This tube grows downward through the 
style, absorbing food as it goes, and finally reaches the egg- 


cell in the interior of an ovule in 
the ovary, and fertilization by the 
union of the two nuclei takes place. 
The ovule then develops into a 
seed. The growth of the pollen- 
tube is often spoken of as germi- 
nation of the pollen, but it is 
not germination in the sense in 
which the word is used when 
speaking of seeds. 



218. B. pollen of plum escaping 


277. In order that from aather. A, pollen germin- 
ating on the stigma. Enlarged. 

the pollen may grow, 

the stigma must be ripe. At this stage, the 
stigma is usually moist and sometimes sticky. 
The pollen is held by the mucilaginous secre- 
tion on the stigma. The stigma may be barbed 
or featliery and hold the pollen by this means. 
Observe the stigma of some of the lilies. In 
Pollen- grain com thc ^^silk” constitutcs .the style, and the 
stigma is feathery. A ripe stigma is said to be 
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receptive. The stigma may remain receptive for several hours 
or even days, depending on the kind of plant, the weather, 
and how soon pollen is received. When fertilization takes 


place, the stigma 
dies. Note the dried 



220 . 221 . 

Anther of Barberry 
azalea, stamen 

o p e nin g with an> 

by terrni- ther open- 

nal pores. ing by lids. 



222. Flower of hollyhock; proterandrous. See Fig. 223. 


end of the ''silk” of corn. Observe, also, how soon the petals 
wither after the stigma has received pollen. 

278. Pollination. — The transfer of the pollen from anther 
to stigma is known as pollination. The pollen may fall of its 
own weight on the adjacemt stigma, or it may be carried 
from flower to flower by wind, insects or other agents. There 
may be self-pollination, close-pollination or cross-pollination. 

In self-pollination, 
the pollen that falls 
on the pistil is de- 
rived from the same 
flower. In close- 
pollination, the pol- 
len may be derived 
from different flowers 
on the same plant. 
In cross-pollination, 
the pollen is derived 
from flowers on differ- 
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22 i. Flower of larkspur. 


225. Envelopes of a larkspur. There 
are five wide sepals, the upper 
one being spurred. There are 
four small petals. 


ent plants. Fertiliz'^.tion resulting from self- or close-pollina- 
tion is close-fertilization. Fertilization resulting from cross- 
pollination is cross-fertilimtion. In 
many cases cross-pollination is 
essential for goorl seed or fruit 
development. Corn, if close-pol- 
linated, pro- 
duces imperfect 
ears. Culti- 
vated plants 
frequently ex- 
hibit decreased 
vigor by close- 
pollination. 

279. Usually 
the pollen is dis- 
charged by the 
bursting of the anthers. The commonest method of discharge 
is through a slit on either side of the anther. (Fig. 218.) Some- 
times it discharges through a pore at the apex, as in azalea 
(Fig. 220), rhododendron, huckleberry, wintergreen. In 
some plants a part of the anther wall 
raises or falls as a lid, as lu barberry (Fig. 
221), blue cohosh, May apple. The open- 
ing of an anther (as also of a seed-pod) is 
known as dehiscence. When an anther or 
seed-pod opens it is said to dehisce. 

280. Most flowers are so constructed as 
to increase the chances of cross-pollination. 
The commonest means of insuiing cross- 
pollination is the different times of matur- 
ing of stamens and pistils in the same 
flower. In most cases the stamens mature 
226. Stamens of lark- first: the flowcr is then proterandrous. 

When the pistils mature first the flower is 
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proterogynous, {AneVy andr, is a Greek root often used, in 
combinations, for stamen, and gyne for pistil.) The dif- 
ference in time of ripening may be an hour or two, or it 
may be a day. The ripening of the stamens and pistils at 
different times is known as dichogamy, and flowers of such 

character are said to be dichog- 
amous. There is little chance 
for dichogamous flowers to pol- 
hnate themselves. The holly- 
hock is proterandrous. Fig. 222 
shows a flower recently ex- 
panded. The center is occupied 
by the column of stamens. In 
Fig. 223, showing an older 
flower, the long styles are con- 
spicuous. Many flowers are im- 
perfectly dichogamous — some 
of the anthers mature simul- 
taneously with the pistils, so 
that there is chance for self-pol- 
lination in case foreign pollen 
does not arrive. Even when the 
stigma receives pollen from its 
own flower, cross -fertilization 
may result. 

281. Some flowers have so 
developed as to prohibit self- 

227 . Toad-flax is an insect-poiiinated poUmalion. Very irregular flow- 

ers are usually of this cate- 
gory. Regular flowers usually depend on dichogamy and 
on the impotency of pollen on the pistil of the same flower. 
Flowers that are very irregular and provided with strong 
perfume are usually pollinated by insects. Gaudy colors 



probably attract insects in many cases, but odor appears to 


be a greater attraction. The insect visits the flower for the 
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nectar (for the making of honey; and may unknowingly 
carry the pollen. Spurs and sacs are (‘.ommonly nectaries. 


but in spurless flowers the 
nectar is usually secreted in 
the bottom of the flower-cup. 
Fig. 224 shows a larkspur, 
and the envelopes are sepa- 
rated in Fig. 225. The long 
spur at once suggests insect 
pollination. The spur is sepal. 
Two hollow petals project 
into this spur, apparently 
serving to guide the bec^s 
tongue, but probably of no sig- 



228. Staminate caikhxj, of oak. 'iho pistil- 
lat*^ ♦lowers are in the leaf axils, 
and rot shown in this picture. 


nificance. The two smaller petals, in front, are differeniiy 


colored and seem to serve the bee in locating the nectary. 


The stamens ensheath the pistils. (Fig. 226.) As the insect 


stands on the flower and thrusts his head into its center, the 


envelopes are pushed downward and outward and the pistil 



* / 

li29. Catkins of a willow. A staminate 


flower is shown at a. and a pistil- 
late flower at p. The staminate 
and pistillate are on different 
plants. 


and stamens come in contact 
with his abdomen. Since the 
flower is proterandrous, the 
pollen which the pistils receive 
from the bee’s abdomen must 
come from another flower. Note 
a somewhat similar arrange- 
ment in the toad-flax or butter- 
and-eggs. (Fig. 227.) Clover 
and alfalfa are pollinated by 
insects. 

282. The bee is perhaps the 
most efficient of all insects in 
distributing pollen, for in ad- 


dition to carrying away pollen accidentally in its search for 


nectar, it also deliberately gathers pollen from the flowers. 
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In certain seasons, moreover, it confines 
itself to a single species of plants. Bees are 
very useful to the fruit-grower, wholly aside 
from the honey that they make for him. 

283. Many flowers are pollinated by the 
wind. Such flowers produce great quantities 
of pollen, for much of it is wasted. They 
usually have broad stigmas, which expose 
large surfaces to the wind. They are usu- 
ally lacking in gaudy colors and in perfume. 
Grasses and pine trees are typical examples 
of wind-pollinated plants. 

284. In many cases cross-pollination is 
insured by the stamens and pistils being 
in different flowers (diclinous, 274). When 
the staminate and pistillate flowers are on 
the same plant, e.g., oak (Fig. 228), beech, 
c hestnut. 


230. Indian corn, a 
moncBciouB plant, 
with staminate 
flowers borne in 
the tassel and 
pistillate flowers 
borne in the ear. 


hazel, walnut 
(Fig. 190), 
hickory, the 
plant is mon- 
cecious (‘fln 
one house”). When they are 
on different plants (poplar and 
willow. Fig. 229), the plant is 
dicecious (“in two houses”). 
Monoecious and dioecious 
plants may be pollinated by 
wind or insects, or other agents. 
They are commonly wind- 
pollinated, although willows 
are often, if not mostly, in- 
sect-pollinated. Some plants, 
as rye, insure cross-pollination 



231. Ear of maize, product of the pistil- 
late flowers fertilized by pollen borne 
in the tassel, the whole enclosed in a 
husk or sheath. 
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because the pollen of oue flower 
is impotent on the pistil of 
that flower. Buckwheat is 
another such plant. 

285. The corn plants are 
monoecious, and therefore seif- 
pollination is impossible. The 




monoecious, and therefore seif- 
pollination is impossible. The 
staminate flowers of the In- 


diaii corn are in a terminal 
panicle or tassel. (Fip*. 230.) 

The pistillate flowers are in a 
dense spike (ear), inclosed in a 
sheath or husk. (Fig. 231.) Each 

1 “silk^^ is a style. 

Each pistillate 

W flower may produce M 

W a kernel of corn. |1 

m Sometimes a few 232. Panicle or tassel of a sorghum in 

» ^ late flowers are borne in the tassel 

I ll and a few staminate flowers on the 

^ II tip of the ear. In sorghums, })room- 

' Ji kafirs (Figs. 232, 233, 234), 

^ kinds of flowers an' in the 

same cluster or tassel. 

ir 280. Although most flowers are of 

- It chaiacter as to insure or increase 

W the chances of cross-pollination, there 

are some in which crossing is abso- 
of lutely forbidden. These flowers are 

.r^^edTS “ne^of^thi usually bomc beneath or on the 
oT?n®r“' ground, and they lack showy colors 


’“v 




233. Head or 
brush of 


to?^of''ao” and perfumes. They are known as 

iuff frr"m?c? cfezstogamoMS powers (meaning “hidden 

Pinole, ot p^^j^indry flowers”)- The plant has normal 
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showy flowers that may be insect-pollinated, and in addi- 
tion is provided with these specialized flowers. Only a few 
plants bear cleistogamous flowers. Hog-peanut, common blue 


violet, fringed winter- 
green, and dalibarda 
are the best subjects 
in the northern states. 
Fig. 235 shows a cleis- 
togamous flower of the 
hog-peanut at a. Above 
the true roots, slender 



235, Hog-peanut, showing a leaf, and a 
cleistogamous flower at a. 


rhizomes bear these flowers, which are provided with a 


calyx and a curving corolla that does not open. Inside are 



236. Common blue violet. The 


the stamens and pistils. The 
pupil must not confound 
the nodules on the roots of 
the hog-peanut with the 
cleistogamous flowers: these 
nodules are concerned in the 
appropriation of food. Late 
in summer the cleistogamous 
flowers may be found just 
underneath the mold. They 
never rise above the ground. 
The following summer one 
may find a seedling plant 
with the remains of the old 
cleistogamous flower still 
adhering to the root. The 
hog-peanut is a common low 
twiner in woods. It also 


flowers arc shown, natural size. The 
corolla is spurred. Later in the season, 
cleistogamous flowers are often borne 
on the surface of the ground. A small 
one is shown at a. A nearly mature 
pod is shown at 6. Both u and 6 are 
one-third natural size. 


bears racemes of small pea- 
like flowers. Cleistogamous 
flowers usually appear after 
the showy flowers have 
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passed. They seem to insure a crop of seed by a method 
that expends little of the plant's cncrtrr. 

(Fig. 236.) 

287. There 
i s a special 
and peculiar 
structure in 
the peanut or i/^/ 
goober. The 
flowers are of 
two kinds. 

One is showy and staminatc (shown uppermost 
in Fig. 237) ; and one is small and pistillate, and 
after fertilization is thrust downward into the 
earth by the elongation of the torus and flower- 
stem, and the pods ripen underground. (Fig. 238.) 

288. Flowers may be cross-pollinated by hand. 

One may carry the pollen of a given flower to the pistils 
of another flower, for the purpose of securing seeds that 
may combine some of the characteristics of the two parents. 



237. Peanut. Stammate showy flower ahove; 
young pod from pistillate flower below. 



In this case, the stamens are early removed from the flower 
to be pollinated so that all possibility of self-fertilization is 
averted; and after the other pollen is applied, the flower is 
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protected by being securely covered with a paper bag. (Fig. 
239.) In monoecious plants, if the staminate flowers are 
removed or covered close-fertilization is prevented. 

Review. — What is fertilization? Pollination? 
Pollen germination? What is a receptive stigma? 
How is pollen discharged? How is cross-pollinar 
tion secured? Are plants benefited by cross-pol- 
lination? What is meant by impotent pollen? 
What do you understand by dichogamy? Its office? 
Is it frequent? What is the character of insect- 
pollinated flowers? Why is the bee an effective 
insect in distributing pollen? What is the sig- 
nificiance of irregularity in flowers? Where is the 
nectar borne? What are monoecious and dioecious 
flowers? Clcistogamous flowers? Why may flowers 
be hand-pollinated? 

Note. — The means by which cross-pollination 
is insured are absorbing subjecjts of study. It is 
easy to give so mu(;h time and emphasis to the 
subject, however, that an inexperienced observer 
com(}s to feel that perfect mechanical adaptation 
^^polUnated Scr* means to end is universal in plants, whereas 
it is not. One is likely to lose or to overlook the 
sense of proportions and to form wrong judgments. 

In studying cross-pollination, one is likely to look first for devices 
that prohibit the stigma from receiving pollen from its own flower, but 
the better endeavor is to determine whether there is any means to insure 
the application of foreign pollen; for the stigma may receive both but 
utilize only the foreign pollen. Bear in mind that irregular and odd 
forms in flowers, strong perfume, bright colors, nectar, suggest insect 
visitors; that inconspicuous flowers with large, protruding stigmas 
and much dry powdery pollen suggest wind-transfer; that regular and 
simple flowers depend largely on dichogamy, whether wind- or insect- 
pollinated. Most flowers are dichogamous. 
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289. General Forms.- — Flowers vary wonderfully in 
size, form, color, and in shapes of the different [^jarts. These 
variations are characteristic of the species or kind of plant. 
The most variable part is the corolla. Ir many cases, the 
disguises of the parts are so great as to puzzle botanists. 
Some of the special forms, notably in the orchids seem 


to have arisen as a means of adapting 
the flower to pollination by particular 
kinds of insects. A few well-marked 
forms are discussed below in order to 
illustrate how they may differ among 
themselves. 

290. When in doubt as to the parts 
of any flower, look first for the pistils 
and stamens. Pistils may be distin- 
guished by the ovary or young seed- 
case. Stamens may be distinguished 
by the pollen. If there is but one 



240. Funnel form flower of 
morning-glory. 


series in the floral envelope, the flower is assumed to lack the 



1 

241. 

Salver form 
flower of 
phlox. 


corolla: it is apetalous (273). The cal 30 c, however, 
in such cases, may look like a corolla, e.g., buck- 
wheat, elm, sassafras, smartweed, knotwced. 
(Fig. 210.) 

291. The parts of a flower usually have a 
numerical relation to each other, — they are 
oftenest in 3's or 5^s or in multiples of these 
numbers. The pistil is often an exception to this 
order, however, although its compartments or 
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^ carpels may follow the rule. Flowers on 

^ ^ p^ntomerows; 

those on the plan of 3 are trimerous 
(merous is from Greek, signifying ‘‘mem- 
I ber'O- Ir descriptive botanies 

*1 these words are often written 

5-merous and 3-merous. 

292. The corolla often as- 
'.tw sumes very definite or distinct 

' %/ mI when gamopetalous. It 

V Jjf ^ may have a long tube with a 

V wide-flaring limb, when it is 

242. Rotate flowers of potato. 'j x u 7 i* 

said to be funnelform, as m 
morning-glory (Fig. 240) and pumpkin. If the tube is 
very narrow and the limb stands at right angles to it, the 
corolla is salverform, as in phlox. (Fig. 241.) If the tube is 


242. Rotate flowers of potato. 


very short and the limb wide-spreading and 
nearly circular in outline, the corolla is rotate 
or wheel-shaped, as in potato. (Fig. 242.) 

293. A gamopetalous corolla or gamo- 
sepalous calyx is often cleft in such way as to 
make two prominent parts. Such parts are 
said to be lipped or labiate. Each of the lips 
or lobes may be notched or toothed. In 5- 
merous flowers, the lower lip is usually 3-lobed 
and the upper one 2-lobed. Labiate flowers 
are characteristic of the mint family (Fig. 
213), and the family therefore is called the 
Labiatse. (Properly, labiate means merely 
lipped, without specifying the number of Ups 
or lobes; but it is commonly used to designate 
2-lipped flowers.) Strongly 2-parted poly- 
petalous flowers may be said to be labiate; 
but the term is oftenest used for gamopeta- 
lous corollas. 



243. 

Personate flowers 
of snapdragon. 



LABIATE AND LILT FLOWERS 


145 



244. Flower of tiillium. 


294. Labiate gamopetalous 
flowers wliicii are closed in 
the throat (or entrance to the 
tube) are sai l to be grinning 
or personate (personate means 
masked, or person-like). Snap- 
dragon is a typical example 
(Fig. 243) ; also toad-tlax or 
butter and eggs (Fig. 227), and 
many related plants. Personate 
flotvers usually have definite 
relations to insc'^t pollixiation. 
Observe how a bee forces his 


head into the closed throat of the toad-flax. 


295. Lily Flowers. — In 
plants of the lily family (Lili- 
aceae) the flowers are typically 
3-merous, having three sepals, 
throe petals, six stamens and 
a 3-carpelled pistil. The 
parts in the different series 
ari' distinct from c^ach other 
((excepting the carp(ds), and 
mostly free from other series. 
The sepals and petals are so 
much alike that they are dis- 
tinguished chiefly by position, 
and for this reason the words 
calyx and corolla are not 
used, but the floral envelope is 
called the perianth and the 
parts are segments, F'lowers of 
lilies and trilliums (Fig. 244) 
answer these details. Not all 
flowers in the lily family 



245. Papilionaceous flowers.- 
Sweet pea. 


J 
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answer in all ways to this description. The term perianth 
is used in other plants than the Liliaceae. 

296. Papilionaceous Flowers. — In the pea and bean 

t tribes the flower has a special form 
(Figs. 245, 246). The calyx is a shal- 
low 5-toothed tube. The corolla is 
composed of four pieces, — ^the large 
expanded part at the back, 
known as the standard or 
banner; the two hooded side 
pieces, known as the wings] 
"^247 the single boat-shaped part 
Caaaia flower, beneath the wings, known as 

showing the 

246. Flowers of alfalfa, separate the keeL The kCCl IS SUp- 
enlarged. keel petals, ^ represent tWO United 

petals, since the calyx and stamens are in 5^s or multiples 
of 5; moreover, it is of two distinct parts in cassia (Fig. 


247) and some other plants of the pea family. Flowers of 


th(^ pea shape are papilionaceous 
(Latin papilioj a butterfly). 

297. Flowers of the j)ea and its 
kind have a peculiar arrangement 
of stamens. The stanums are 10, 
of which 9 are unittnl into a tube 
which incloses the pistil. The tenth 
stamen lies on the upper edge of the 
pistil. The remains of these sta- 
mens are seen in Fig. 206. The sta- 
mens are said to be diadelphous (“in 
two brotherhoods^ 0 when united into 
two groups as in this case. Stamens 
in one group would be called mona* 



delphouSy and this arrangement 
occurs in some members of the 


248. Common mallow, a trailing 
plant to which the circle of 
fruits, a, gives the names 


Leguminosse or pea family. 


“cheeses” and “shirt button 
plant.” 
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1 1 249. Flower of cotton. Note 
\ the stamens; also the in- 

' voluore or “square” on 

the bud. 


^ 298. Mallow Flowers. — The 

flowers of the iriallow family are 
well represented m single holly- 
hocks (Figs. 222, 223) and in the 
little plant (Fig. 248) known as 
'‘cheeses/^ A peculiar strucriire 
is the part formed by the united 
filaments, the inclosed styles and 
the ring of ovaries at the bottom 
of the style-tube, dlic flower is 
5-merous. Count the ovaries. 
They sit on the torus, but a»’e 
•' v — -aj united in the center by the base 

\ 249. Flower of cotton. Note of style-tubc, wllich formS a 
\ the stamens; also the in- i i i i 

' voluore or “square” on COUe-shapcd body d, 

that separates / 

from the torus when the fruit is / f> L} a 

ripe. Do all of the ovaries de- ^ 

velop, or are some crowded )ut 
in the struggle for exis- 

such flowers is often / 

reinforced by bracts, | 

which look like an extra i j/ljkl 

calyx. These bracts form \ 1 M'lli 

an involucre. An invo- ^ 

lucre is a circle or whorl 
of bracts standing just 
below a flower or a 
flower-cluster. Theflmbel 

of wild carrot (Fig. 194) * 

has an involucre below 

it. A large family of 25 ^ a lady*r, to illustrate the 

plants known as the orchid family. 






250. A lady’s-slippcr, to illustrate the 
orchid family. 
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Malvaceae, or Mallow family, has flowers similar to those of 
the hollyhock. To this family belong marsh mallow, althea, 
okra, cotton (Fig. 249). Observe that even though the 
hollyhock is a great tall-growing 
showy plant and the “cheeses” is a 
weak trailing inconspicuous plant, 
they belong to the same family, as 
shown by the structure of the flowers. 



251. Jack-in-the-pulpit. 252. Wild aster, with 
"Jack” is the spadix; six heads, each con- 

the "pulpit” is the taiiiing several 

spathc. florets. 



253. Head of pasture 
thistle, showing the 
high prickly involucre. 


300. Orchid Flowers. — The flowers of orchids vary 
wonderfully in shape, size and color. Most of them are 
specially adapted to insect pollination. The distinguish- 
ing feature of the orchid flower, however, is the union of 
stamens and pistil in one body, known as the column. In 
Fig. 250 the stemless lady^s-slipper is shown. The flower 
is 3-merous. One of the petals is developed into a great 
sac or ‘^slipper,'' known as the lip. Over the opening of 
this sac the column hangs. The column is shown in detail: 
a is the stigma; d is an anther, and there is another similar 
one on the opposite side, but not shown in the picture; b 
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is a petal-like stamen, which does not produce pollen. In 
most other orchids there is one good anther. 

301. In orchids the pollen is usually boiiic in adherent 
masses, one or two masses occu})ying each sporangium of 
the anther, whereas, in most plants the pollen is in separate 
grains. These pollen-masses are known tocbnicaliy as polliaia. 
Orchids from the tropics are much grown in choice green- 
houses. Several specks. are common \ 



254. Longitudinal see- 255. Floret of in which the out..r florets are larg*) 

tion of thistle head. thistle. and showy. 


302. Spathe Flowers. — In many })lan1s, vt^ry simple 
(often naked) flowers are borne in dense, more or less fleshy 
spikes, and the spike is inclosed in or atttmded by a leaf, 
sometimes corolla-like, known as a spathe. llie spike of 
flowers is technically known as a spadix. This type of flower 
is characteristic of the great Arum family, which is chiefly 
tropical. The commonest wild representatives in the North 
are Jack-in-the-pulpit or Indian turnip (Fig. 251) and skunk 
cabbage. In the former the flowers are all diedinous and 
naked. The pistillate flowers (comprising only a 1-loculed 
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ovary) are borne at the base of the spadix, and the staminate 
flowers (each of a few anthers) are above them. The ovaries 
ripen into red berries. In the skunk cabbage all the flowers 
are perfect and have four sepals. The common calla of 
greenhouses is a good example of this type of inflorescence. 

303. Compositous Flowers. — The head (anthodium) or 
so-called ^ ‘flower’^ of sunflower and whiteweed and daisy 
(Figs. 188, 189, 200), thistle, aster (Fig. 252), dandelion, 
daisy, chrysanthemum, goldenrod, is composed of several 
or many little flowers, or florets. These florets are inclosed 
in a more or less dense and usually 
green involucre. In the thistle (Fig. 
253) this involucre is prickly. A longi- 
tudinal section (Fig. 254) discloses the 

f florets, all attached at 
bottom to a common 
torus, and densely 
packed in the involucre. 
The pink tips of these 
florets constitute the 
showy part of the head. 

257, 25S. Double dahliua. In one, the florets . ^ ^ - 

iiave developed flat rays. In the other, the oL)4. ibaCll llOret O I 

florets appear as inrolled tubes. 255 ) is a 

complete flower. At a is the ovary. At 6 is a mu(;h-divided 
plumy calyx, known as the pappus. The corolla is long- 
tubed, rising above the pappus, and is enlarged and 
5-lobed at the top, c. The style projects at c. The five 
anthers are united about the style in a ring at d. Such 
anthers are said to be syngenesious, 

305. These are the various parts of the florets of the Com- 
positse, sometimes known as the Sunflower family. In some 
cases the pappus is in the form of barbs, bristles or scales, 
and sometimes it is wanting. The pappus, as we shall see 
later, assists in distributing the seed. Often the florets are 
not all alike. The corolla of those in the outer circles may be 
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developed into a long, strap-like Kk / 

or tubular part and the corolla of 

those at the center may be but p k / / 

short tube. The head then has ^ ‘\i ' 

the appearance of being one fiower ^ i 

with a border of petals. Of such \ ^ 

is the sunflower (Fig. 188), astei / 

(Fig. 252), bachelor^:. button or ’ . v 

cornflower (Fig. 256). These long 

<?orolla-limbs are called rays. In ‘ 

some cultivated composites, all 

the florets may develop rays, as in C 

the dahlia (Figs. 257, 258) and 

chrysanthemum. In some species, 

as dandelion, all the florets natu- 

rally have rays. Syngenesious M- 

arrangement of anthers is the jH|' 

most characteristic single feature V Mmw 

of the composites. 

/ 306. Grass Flow- ^ 

ers. — The flowers \ ’ 

^ of grasses are too \ 

difficult for the be- 259. Spikes and flowers of wheat. 

• i X T hoardloHs wheat; d, bearded 

ginner, but ll tlie wheat; 6, spikelct in bloom; r, 

nimil to nn- spiKoiot on a 

pupil Wisnes XO un mature head. The btjards in d 

I derstand them he flowering 

u J 1 • ‘i glumes. 

k may begin with 

Im wheat or rye or barley, which are members 
of the (Irass family. The “head” or spike of 
wheat is made up of flowers and bracts. The 
flowers are in little clusters or spikelets (often 
called “breasts” by farmers). One of the 


259 . Spikes and flowera of wheat. 
a. boardloHa wheat; d, bearded 
wheat; 6 , Hpikelct in bloom; c, 
grain; c, single Hpikelct on a 
mature head. The htjardw in d 
are awro 'on the flowering 
glumes. 


260. Flower of rye.* spikclcts is showui at 5, in Fig. 259. Each 

a, stigma; &, 5, b, ^ h a a n x 

stamens; c, paiet; spikclct contains from 1 to 4 flowcrs or iiorets. 
^ume.°EX^A The structure of the flower is similar to that 
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of rye (Fig. 260) and other grasses. The pistil 
has 2 feathery protruded stigmas (wind-polli- 
nated) shown at a, Fig. 260. There are 3. sta- 
mens, 6, by 6. There are minute scales in the 
base of the flower (not shown in the cut) that 
probably represent true floral envelopes. These 
are lodicules. The larger parts, c, d, are bracts. 

The larger one, d, is the flowering glume, and 
the smaller, c, is a palet. The entire spikelet is 
also subtended by two bracts or 
glumes', these ar(‘ the two lower- 
most parts in h. Fig. 259. The 
glumes of the spikelet, and flower- 
ing glumes and pak'ts of the flow- 
ers, constitute the chaff when wheat 
is threshed, (kimpare barley. Fig. 

261. There are many grass plants Bariey^flower. 
with large florets that are adap- 
tables to elementary class work, as millet (Fig. 
262), sorghums (Figs. 232 to 234), rice, oats 
(Fig. 191), and a number of big lawn grasses 
Maize is one of the Grass family. 

307. Attachment of the Flower Parts. — The 
parts of the flower may all be boriK^ direcd.ly 
on the torus, or one part may b(^ borne on 
another. With reference to the pistil or ovary, 
the stamens and envelopes may be attached in 
three ways: hypogynous, all free and attached 
under the ovary, when it is said to be superior, 
as in Fig. 202; perigynous, or attached to a 
more or less evident cup surrounding the ovary, 
as in Fig. 209; epigynous, some or all of them 
apparently borne on the ovary, when it is said 
to be inferior, as in Fig. 205. 

308. Double Flowers, — Under the stimulus 
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of cultivation and increased food-supply, flowers tend to 
become double. True doubling arises in ^wo ways, morpho- 

logically: (1) Petals 



203. Petals ari.siiiK from the staminal column of holly- 
hock; and accessory petals in the corolla-whorl. 


x»iay appear in place 
of stamens and pis- 
tils: (2) advent! ious 
or a(*cessoiy petals 
may arise in the 
circle or petals. Both 
of these categories 
may be present in 
the same flower, as 
in Fig. 263. In the 
full-double holly- 
hock, the petals de- 
rived from t he stam- 


inal column arc shorter and make a rosette in the cc^ntcr 


of the flower. 

309. Other modifications of flowers arc sometimes known 
as doubling. For example, double dahlias (Fig. 257), chry- 
santhemums and sunflowers are forms in which the disk 
flowers have developed rays. The snowball is anothc^i cavse. 


In the wild plant 
(Fig. 264) the ex- 
ternal flowers of 
the cluster are large 
and sterile. In the 
cultivated plant 
(Fig. 265) all the 
flowers have be- 
come large and 
sterile. Hydrangea 
is a similar example. 
Double flowers are 
likely to be sterile. 
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Review. — How do flowers vary in form? How are the various 
parts determined in disguised flowers? What are 5-merous and 3-merouB 
flowers? What are some of the common forms of gamopetalous corollas? 
Describe a labiate flower. Personate. Lily flower. Papilionaceous 
flower. What are monadelphous and diadelphous stamens? Describe 
a mallow flower. Orchid flower. Spathaceous flower. Compositous 
flower. If grass flowers are studied in class, describe one of them. 
What do you understand by the terms hypogynous, perigynous, epi- 
gynous? How do flowers become double? What is meant by doubling 
in compositous flowers? In snowball and hydrangea? 



265. Cultivated snowball, in which all the 
flowers in the cluster have become 
large and showy. 





CHAPTER XXIII 

FRUITS 

310. The ripened ovary, with its attachments, is known 
as the fruit. It contains the seeds. If the pistil is simple, 
or of one carpel, the fruit also will have one compartment. 
If the pistil is compound, or of more than one carpel, the 
fruit usually has an equal number of compartments, although 
one or more of the compartmc'ixts may be suppressed as the 
parts grow. The compartments in pistil and fruit are known 
as locules (from Latin locus, meaning ^‘a place^O? or cells. 

311. The simplest kind of 
fruit is a ripened 1-Ioculed 
ovary. The first stage in com- 
plexity is a ripened 2- or many- 
loculed ovary. Very complex 
forms may arise by the attach- 
ment of other parts to the 
ovary. Sometimes the style 
persists and becomes a beak 
(mustard pods, dentaria, Fig. 

266), or a tail as in clematis; 
or the calyx may be attached 
to the ovary; or the ovary 
may be imbedded in the re- 
ceptacle, and ovary and recep- 
tacle together constitute the 
fruit; or an involucre may be- 

266. Dentaria, or tooth wort, in fruit. 

come a part of the fruit, as 

possibly in the walnut and hickory, and cup of the acorn. 
The chestnut (Fig. 267) and the beech bear a prickly invo- 

( 155 ) 
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lucre, but the nuts, or true fruits, are not grown fast to it, 
and the involucre can scarcely be called a part of the fruit. 
A ripened ovary is a pericarp, A pericarp to which other 

parts adhere has 


, been called an ac- 
cessory or reinforced 
% fruit. 

312. Some fruits 
are dehiscent , or 
si)lit oi)en at ma- 
turity (279) and 
liberate the seeds; 
others are indehis- 
cent, or do not open. 
A dehiscent peri- 
carp is called a pod, 

267. Che.slnuts are ripeiUMl ovaries. They arc borne in a in-fn 

prickly involucre. The remains of the catkin of slam- ^ JjariS into 

inate flowers is seen in the picture. which SUCll a pod 

breaks or splits are known as valves. In indehiscent fruits 
the seed is liberated by the de(*ay of the envelope, or by 
the rupturing of the envelope by the germinating seed. 
Indehiscent wiiigc^d pericarps are known as samaras or key- 
fruits (consult Chapter XXIV). Maple, elm (Fig. 97), and 
ash (Fig. 141) are examples. 

313. Pericarps. — The simplest pericarp is a dry, one- 
seeded, indehisc(*nt body. It is known as an 
achene, A head of a(4ienes is shown 
in Fig. 268, and the structure is 
explained in Fig. 207. 

Achenes may be seen 
in buttercup, hepatica, 

anemone, smartweed, * - ^ 270 . Young follicles of 

buckwheat. / f larkspur. Normally, 

V V the flower has 5 pis- 

314. A 1-loCuled 268. Achenes 260. tils, but some are 

• j. j i.* of butter- Follicle of lost in the struggle 

pericarp that dehisces cup. larkspur. for existence. 
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along the front edge (that is, the inner 
edge, next the center of the flower) is a 
follicle. The ol tlie larkspur (Fig. 
269) is a follicle. Thc^’t arc usuallj^ five 
of these fruits (sometinies three or four) 
in each larks;)ur 
fiowe^, each pistil 
ripening into a fol- 
licle. (Fig. 270.) If 
these pistils were 
united, a single com- 
pound pistil would 
be formed. ‘ Colum- 
bine, peony, nine- 
bark and milkweed 
(Fig. 271) also have 

272. T/cgumo.s of perennial follicles. 

or everlasting pea. 3^:3 ^ 1-loCUled 



pericarp that dehisces on both edges is a legume, P eas and beans 


are typical examples (Figs. 
272, 273, 274) : in fact, this 
character gives name to the 
p e a - f a m i 1 y , — Leguminossc. 
Often the valves of the legume 
twist forcibly and expel the 
seeds, throwing them some 
distance. Sometimes (as in 
peanut) the legume doi's not 
dehisce of itself, even though 
it has all the essential struc- 
ture of a true pod. The word 
pod is sometimes restricted 
to legumes, but it is better to 
use it generically (as in 312) 
for all dehiscent pericarps. 
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316. A compound pod — dehiscing pericarp of two or 
more carpels — is a capsule. (Figs. 275, 270.) I’here art 
some capsules of one locule, but they maj hav^e been com- 



283. 


pound when young (in the ovary stage) 
and the partitions may have vanished. 
Sometimes one or more of the carpels are 
uniformly crowded out by the exclusive 
growth of other carpels. (Fig. 277.) The 
seeds or parts that are crowdea out pro said 
to be aborted. 

317. Thero are several ways in which 


Basal dehiscence of capsules (lehiscc Or Open. When the^’' break 

campanula capsule. i xu x x* / 

along the partitions (or ^ 

septa), the mode is known as septiaidal / 

dehiscence; Fig. 278 shows it. In septi- \X ^ 

cidal dehiscence, the fruit sepa- 1 

rates into parts representing the I ■ 

original carpels. These carpels I ■ 

may still be entire, and they then V J I I 

dehisce individually, usually JT Mil I 

along the inner edge as if they ]■ 11 I 

were follicles. When the com- ^ |l H I 

partments split in tlie middle, ' M ■ I 

between the partitions, the mode is lo- 11 ■ I 

culicidal dehiscence. (Fig. 279.) In some M V ■ 

cases the dehiscence is at the top, when ■ M ■ 

it is said to be apical (although several I ^ I 

modes of dehiscence are here included). I % ■ 

When the whole top comes off, as in I M B 
purslane and garden portulaca (Fig. 280), Im \ M 

the pod is known as a pyxis. In some U m 

cases apical dehiscence is by means of m 
a hole or clefts. (Fig. 281.) In pinks and m 
their allies the dehiscence does not ^ ^ ^ x 

X 1 111.1 /T-i* ooo \ 284. Two-valved pods 

extend much below the apex. (rig. of cataipa. 
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Dehiscence may be basal (Fig. 283.) Two-loculed capsules 
that resemble legumes in external appearance are those of 


catalpa and trumpet-creeper. (Figs. 284, 285.) 

318. The peculiar capsule of the mustard 
family, or Cruciferse, is known as a silique when 
it is distinctly longer than broad (Fig. 266), and 
a silicle when its breadth nearly equals or exceeds 
its length. (Fig. 286.) A cruciferous cap- 

sule is 2-carpelled, usually with a thin 
partition, each locule containing seeds in 
one or two rows. The two valves detach ^ 
from below upwards. Cabbage, mustard, HL 
cress, shepherd’s purse, swe(4 alyssum, |\ 
wallflower, hon(*sty, are examples. VAk 

319. The pericarp may be fleshy and 

^ 11 ind(4iiscent. A pulpy 

pericarp with several or 
many seeds is a berr?/. ^ 

(Fig. 287.) Tothehor- 


286. Shepherd’s purse. 
Silicle. 


ticulturist a berry is a 285. Large 2-valvcd 

pods or capsules of 

small, SOlt, edible iruit, tecoma or trumpet- 

creeper. 


without particular references to its struc- ^ 

ture. The botanical and horticultural conceptions of a 



berry are, therefore, 
unlike. In the botan- 
ical sense, gooseber- 
ries, currants, grapes, 
tomatoes, potato- 
balls and even egg- 
plant fruits (Fig. 288) 
are berries; strawber- 
ries, raspberries, 
blackberries are not. 

320. A fleshy peri- 
carp containing one 


287. Berries of the snowberry. 
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relatively large seed or stone is a drupe. Examples are pliun 
(Fig. 289), peach, cherry, apricot, olive. The walls of the 
pit in the plum, poach and 
cherry are formed from the iixner 
coats of the ovary, and the flesh 
from the outer coats. Drupes are 
also known as stone-fruits. 

321. Fruits that arc formed by 
the subsequent union of separate 
pistils are aggregate fruits. The 



carpels in aggregate fruits are 288. ii^ggpiant fruits. Examples of 
usually more or less hesliy. In large bemes. 

the raspberry and blackberry flower, the pistils are essenti- 
ally distinct, but as the pistils ripen they cohere and form 
# one bod}"^. (Fig. 290.) Each of the 

carpels or pistils in the raspberry and 
blackberry is a little drupe, or drupelet. 
In the raspberry the entire fruit sep- 
arates from the torus, leaving the torus 
on the plant. In the blackberry and 
dewberry the fruit adheres to the torus, 
2*. Plum. Example of a and tile two are removed together 
drupe. when the fruit is picked. 

322. Accessory Fruits. — When the pericarp and some 
other part grow together, the fruit is said to be accessory or 

commoijy caaiMi 

seeds 

323. Various kinds of reinforced fruits have received 
special names. One of these is the hip, characteristic of roses. 
(Fig. 292.) In this case, the torus is deep and hollow, hke an 


290. Aggregate fruits of raspberry. 


K 


162 


FRUITS 



um, and the separate achenes are borne inside it. The mouth 
of the receptacle may close, and the walls sometimes become 
fleshy: the fruit may then be mistaken for a berry. 

324. The reinforced 
fruit of the pear, apple, 
and quince is known as a 
'pome. In this case the 
five united carpels are 
completely buried in the 
hollow torus, and the torus 
makes most of the edible 
part of the ripe fruit, while 
the pistils are represented 

291. Strawberries. The edible part is torus. COrC (Fig 293 ) 

Fig. 294 shows the apple in bloom; Fig. 295 shows young 
fruits, only one having formed in each cluster. In the lower 
left-hand flower of Fig. 294, note that the sepals do not fall. 
Observe the sepals on the top of the torus (apex of the 
fruit) in Fig. 295. In the plum flower (Fig. 209), note that 
the pistil sits free in the hollow torus: imagine the pistil 
and torus grown together, and something like a pome 
might result. 

325. The reinforced fruit of pumpkin, squash 
(Fig. 296), melon and cucumber is a pepo. The 
outer wall is torus, but the sepals do not persist, 
and the fruit is normally 3-loculed (although the 
partitions may disappear as the 
fruit ripens). The maypop, one of 
the passion flowers growing wild in 
the southern states, has a similar 
structure. 

326. G3minospermous Fruits. — 292 . Hip of rose. 

In pines, spruces and their kin, there is no fruit in the 
sense in which the word is used in the preceding pages, 
because there is no ovary. The ovules are naked or uncov- 




293. Diagram of 
a pear. The 
receptacle is 
a, and the 
pericarp h. 



294. Apple flowers. 



295. Young apple fruits. 


( 163 ) 
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ered, in the axils of the scales of the young cone, and they 
have neither style nor stigma. The pollen falls directly on 



296. Pepo or squash. 


the mouth of the ovule. The ovule 
ripens into a seed (Fig. 297) which is 
usually winged. Because the 
ovule is not borne in a sac 
or ovary, these plants are 
called gymnos'perms (Greek for 
“naked seeds’^* All the true 
cone-bearing plants are of this winged 
class; also certain other Nomay 
plants as red cedar, juniper, 



yew. The plants are monoecious or sometimes dioecious. 


The staminate flowers are mere naked stamens borne 


beneath scales, in small yellow catkins which 
soon fall. The pistillate flowers are naked 
ovules beneath scales on cones which persist. 

(Figs. 298, 299.) 

Review. — What is a fruit, as understood by the 
botanist? What is a locule? What are simple, com- 
pound and accessory or reinforced fruits? Define 
pericarp. Pod. What are dehiscent and indehiscent 
fruits? What is a samara or key-fruit? 

Define achene. Follicle. Legume. Cap- 
sule. Explain septicidal and loculicidal 
dehiscence. Apical dchiscenc. Basal 
dehiscence. What is a pyxis? Silique? 

Silicic? Berry? Drupe? Drupelet? 298. Pistillate cone 

Explain an aggregate fruit. Explain of Norway spruce. 

^ . wo i' This tree is one of 

the fruit of s<.rawberry, rose, apple, the commonest of 

squash. What is the fruit of pines planted ever- 
j « greens, 

and spruces? 

Note. — Fully mature fruits are best for study, 
particularly if it is desired to see dehiscence. For 
comparison, pistils and partially grown fruits should 
299. Pistillate ^ same time. If the fruits are not ripe 

pine. enough to dehisce, they may be placed m the sun to dry. 
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In the school it is well to have a collection of fruits for study. The 
specimens may be kept in glass jajrs. 

The following diagram will aid the nupil tt> remember some of the 
fruits to which particular names have been giveti. Ilf must be warned, 
however, that the diagnwn does j^ot exprciss the order of evolution of 
the various kinds. should also remember that there are many 
common fruits that answer to no definition, and the^e should be studied 
and compared with the forms that iiave received definite names: 


Snnple. . . . 


Dry pericarps. . 


Pericarps 1 


Compouna 

(capsule) 


I Fleshy pericarps . . 
I Aggregate pericarps 


i achene (indehiscent). 
follicle (dehiscen+'i. 
legume (dehiscent). 

( septi(;idal dehis'^ence. 
loculicidal dehiscence. 
api(;al dehiscence. 

[Pyxis. 

I berry. 

^ drupe. 

(drupelet. 


Accessory Fruits 


strawberry. 

hip. 

pome. 

.pepo. 


Gymnospermous or Cone Fruits. 



CHAPTER XXIV 

DISPERSAL OF SEEDS 



300. Explosive fruits of 
oxalis. An exploding 
pod is shown at c. The 
dehiscence is shown at 
b. The structure of the 
pod is seen at a. , 


327. It is to the advantage of the plant to have its seeds 
distribiuted as widely as possible. It has a better chance of 
surviving in the struggle for existence. 
It gets away from competition. Many 
seeds and fruits are of such 
character as to increase 
their chances of wide dis- 
persal. The commonest 
1 means of dissemination may 

Y be classed under four heads: 

explosive fruits; transporta- 
tion by wind; transporta- 
tion by 6ird6‘;jbransportation 
as burs, 

328. Explosive Fruits. — 

Some pods open with explosive force and scatter 
the seeds. Even beans and everlasting peas 
(Fig. 272) do this. More 
marked examples are the 
locust, witch hazel, gar- 
den balsam, wild jewel- 
weed or impatiens 
(known also as ‘^touch- 
me-not”), violet, and the oxalis. (Fig. 
300.) The oxalis is common in several 
species in the wild and in cultivation. 
One of them is known as wood sorrel. 
Fig. 300 shows the common yellow 
( 166 ) 




301 . 

Winged seeds of 
catalpa. 


302 . 

Wind-blown fruits 
of dandelion. 
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803. The expanding balloons of the milkweed. 

oxalis. The pod opens loculicidally. The elastic tissue sud- 
denly contracts when dehiscence takes place, and the seeds 
are thrown violently. The fruit of the squirting cucumber 
discharges the seeds with great force, throwing them many 
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feet. This plant is easily grown in a gar- 
den (procure seeds of seedsmen). 

329. Wind - travelers. — Wind -trans- 
ported seeds are of two- general kinds — 
those that are provided with wings, as the 
flat seeds of catalpa (Fig. 301) and cone- 
bearing trees (Fig. 297) and the samaras 
of ash, elm, tulip-tree, ailanthus and 
maple;' those that have feathery buoys or 
parachutes to enable them to float in the 
air. Of the latter kind are the fruits of 
many composites, in which the pappus is 
copious and soft. Dandelion (Fig. 302) 



and thistle (Fig. 256) are examples. The Head of cat-taii in 

silk 01 the are carried in tiie late 

milkweed (Fig. ““‘“““wind.. 

303) has a similar office, and also 
the wool of the cat-tail. (Fig. 
304.) Recall the cottony seeds 
of the willow and poplar. 

330. Dispersal by Birds. — 
Seeds of berries and of other 
small fleshy fruits are carried far 
and wide by birds. The pulp is 
digested, but the seeds are not 
injured. Note how the cherries, 
raspberries, blackberries and 
Juneberries spring up in the 
fence-rows, where the birds rest. 
Some berries and drupes persist 
far into winter, when they supply 
food to cedar-birds, robins and 
the winter birds. (Fig. 305.) 
Red cedar is distributed by birds, 
of robins in winter. Many of the pulpy fruits are 
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agreeable as human food, and some of them have been greatly 
enlarged or “improved'' by the arts of the cultivator. 

331. Burs— Many seeds and fruits bear spines, hooks, 
and hairs that adhere to the coats of 
animals (Fig. 306j and to clothing. 

The burdock has an iii\olucre with 

hooked scales, containing the fruits 

inside. The clotbur is also an in- 

volucre. Both are compositous plants, I 

allied to thistles, but the whole head, I 

rather than the separate fruits, is 

transported. In some compositous . 

fruits the pappus takes the form of JJg HR 

hooks and spines, as in the “Spanish Jm Wm 

bayonets" and “pitchforks." Fruits 

of various kinds are known as “stick- 306. The cow is carryinj? 
tights," as of the agrimony and burdocks. 

hound's tongue. Those who walk in the woods in late 
summer and fall are aware that plants have means of 
disseminating themselves. (Fig. 307.) If it is impossible 
to identify the burs which one finds on clothing, the seed 
may be planted and specimens of the plant may them be 
grown. 


K Review. — What advantage is it to the plant to 

have its seeds widely dispersed? Wliat are the leading 
ways in which fruits and seeds are dispersed? Name 
some explosive fruits. Describe wind-travelers. What 
seeds are carried by birds? Describe any bur with 

^ Note.— This lesson will suggest other 

^B[^ways in which seeds are transported. Nuts 
arc buried by squirrels for food, but if they 
307. Stealing a ride. ^aten they may grow. The seeds of 

many plants are blown on the snow. The old stalks of weeds, standing 
through the winter, may serve to disseminate the plant. Seeds are 
carried by water down the streams and along shores. About woollen 
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mills strange plants often spring up from seeds brought in the fleeces. 
Sometimes the entire plant is rolled for miles before the winds. Such 
plants are ‘^tumble-weeds. Examples are Russian thistle (Fig. 113), 
hair-grass or tumblegrass (Panicum capillare), cyclone plant (Cyclo- 
loma platyphyllum), and whfte amaranth. About seaports strange 
plants are often found, having been introduced with the earth that 
is used in ships for ballast. These plants are usually known as “bal- 
last plants.” Most of them do not persist long. 

In some way, the seeds of every plant are dispersed, some far 
and some near: discover these ways for any plant that you know. 



CHAPTER XXV 

GERMINATION 


332. The Seed.— We have found (276) that as a result 
of fertilization a seed is formed. The seed ctiitains a minia- 
ture plant or embryo. The embryo usually has three parts 
that have received names: the little stemlet or caulicle' 
the seed-leaf or cotyledon (usually 1 or 2) ; the bud or 'plumule 
lying between or above the cotyledons. These parts are well 
seen in the common bean (Fig. 308), particularly when the 
seed has been soaked for a few hours. 

One of the large cotyledons — comprising half 

of the bean — is shown at r. The caulicle is 

at c. The plumule is at a. The cotyledons are g^g 

attached to the caulicle at/: this point is the bean. 

first node, and the plumule is at the second a, plumule; / 

node. 

333. Every seed is provided with food, to support the 
germinating plant. Commonlj^ this food is starch. The 
food may be stored in the cotyledons, as in bean, pea, squash; 
or outside the cotyledons, as in castor bean, pine, Indian 
corn. When the food is around the embryo, it is usually 
called e'ndosperm, 

334. The embryo and endosperm are inclosed within a 
covering made of two or more layers and known as the seed- 
coats. Over the point of the caulicle is a minute hole or a 
thin place in the coats known as the micropyle. This is 
the point at which the pollen-tube entered the fortning 
ovule and through which the caulicle breaks in germination. 
The micropyle is shown at m in Fig. 309. The scar where 
the seed broke from its funiculus or stalk is the hilum. It 
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occupies a third of the length of the bean in Fig. 309. The 
hilum and micropyle are always present in seeds, but they 
are not always close together. In many cases it is difficult 
to identify the micropyle in the dormant seed, but its location 
is at once shown by the protruding caulicle 
as germination begins. Opposite the micropyle 
in the bean (at the other end of the hilum) is 
Externd parts of Sin elevation known as the raphe. This is 
bean. formed by a union of the funiculus or seed- 
stalk with the seed-coats, and through it food was transferred 
for the development of the seed, but it is now fimctionless. 

335. Seeds diff(T wonderfully in size, shape, color and 
other characteristics. They also vary in longevity. These 
characteristics aro pc'ciiliar to the species or kind. Some 
seeds maintain life only a few" weeks or even days, whereas 
others will ^^keep” for ten or twenty years. In special cases, 
seeds have retained vitality longer than this limit, but the 
stories that living seeds, several thousand years old, have 
been taken from mummies are unfounded. Oats do not 


retain their vitality for more than a year or two. Seed of 
alfalfa may retain its vitality for eight years or more. The 
condition of storage of the seed is an important factor in 
the retention of seed vitality. Moisture is especially dele- 
terious; a dry atmosphere of the storage room is necessary 
for maintaining tlu' vigor of the seed. 

336. Germination. — The embryo is not dead; it is only 
dormant. When supplied with moisture, wrarmth, and oxy- 
gen (air), it awakes and grows: this growth is germination. 
The embryo lives for a time on the stored food, but grad- 
ually the plantlet secures a foothold in the soil. The roots 
absorb and the leaves elaborate food and the seedling is inde- 
pendent with respect to its food supply. When the plantlet 
is finally able to shift for itself, germination is complete. 

337. The germinating seed first absorbs water, and 
swells. The starch and other stored foods are transformed 
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1T3 


SIO. The young roots are n''t able to 
gain a foothold. 


into soluble products. They are digested, so to speak, and 
made available for assimilation by the protoplasm. Germi- 
nate barley. Note how sweet 
it is to the taste. Compare it 
with the ungerminated barley. 

Do likewise with corn and . 
wheat. What is the source of 

ruptured, the caulich^ and 
plumule emerge. In this pro- 
cess, the seed respires freely, — 

giving off carbon dioxid ((^ 02 ). Sio. The young roots are n^'t able to 
Fill a tin box or large -necked gam a foo Jioid. 

bottle with dry beans or peas, then add water; note hf)w 
much they swell. Secure two fruit-jars. Fill one of them 
^ third full of beans and keep them 
moist. Allow the ot her to remain empty. 
In a day or two insert a lighted splinter 
311. Cotyledons of genni- or taper into each. In the empty jar 
to show elongating cauli- th(' taper bumsi it coiitams oxygen, 
cie and plumule. seed-jar the taper goes out: the 

air has been replaced by carbon 
dioxid. Usually there is a percepti- 
ble rise in temperature in a mass F 

of germinating seeds. \r 

338. The caulicle usually elon- //_ 

gates, and from its lower end roots 
are produced. The elongating 
caulicle is known as the hypocotyl I 

(“below the cotyledons’’)- That l| 

is, the hypocotyl is that part of the AF tSIa 

stem of the plantlct lying between 

the roots and the cotyledon. The Germination of bean, 

general direction of the young hypocotyl or emerging 
caulicle is downwards. As soon as roots form, it becomes 




312. Germination of bean. 
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fixed, and its subsequent growth tends to raise the cotyle- 
dons above the ground, as in the bean. . 

339. When cotyledons rise into the air, germination is 


said to be epigeal (“above the earth^O- 


and pumpkin are examples. 


When the hypo- 


cotyl does not elongate greatly and the coty- 313 . Sprouting of 
ledons remain under castor bean. 

|n| ground, the germination is hypogeal (“be- 

neath the earth’ 0- Pea and scarlet run- 
^ J ner bean are examples. When the ger- 
\ Ml ! minating seed lies on a hard surface, as 

\4 closely compacted soil, the hypocotyl 

and rootlets may not be able to secure a 
foothold and they assume grotesque 
^ ^ forms. (Fig. 310.) Try this with peas 

314. Germination of cas- , , 

tor bean. Endosperm and beans. ^ 

340. The first inter- 
node above the cotyledons — between the 
cotyledons and th(? plumule — ^is the epi- 
cotyL It elevates the plumule into the air, / 
and the plumule-leaves expand into the 
first true leaves of the plant. These first ^ 

. , 315. Castor bean. En- 

true leaves, however, may be very unlike dosperm at a, a; co- 
the later leaves. tyiedon^att. 


314. Germination of cas- 
tor bean. Endosperm 
at a. 


315. Castor bean. En* 
dosperm at a, a; co- 
tyledons at b. 



31d. Germination complete 
in castor bean. 


341. Germination of Bean. — The 

common bean, as we have seen (Fig. 
308), has cotyledons that occupy all 
the space inside the seed-coats. When 
the hypocotyl or elongating caulicle 
emerges, the plumule-leaves have begun 
to enlarge and to unfold. (Fig. 311.) The 
hypocotyl elongates rapidly. One end 
of it is held by the roots. The other is 
held by the seed-coats in the soil. It, 
therefore, takes the form of a loop, and 
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ing Indian 
com. Hi- 
lum at h; 
micropyle 
at d. 


Cauliclo at 313.) 

fe; cotyledon 


its central part “comes up'' first, {a, Fig. 312.) Presently 
it draws the cotyledons out of the seeci-cof* ts, and then it 
straightens and the cotyledon:^! ( xpand. These coty- 
ledons, or “halves of the bean " persist for some 
time, (b, Fig. 312.) They often become green and 
^ \ probably perform some functior of 

\ foliage. Because of its large size, Lima 

I shows all these parts well 

/ j Germination of Castor Bean. 

^ — In the castor bean the hilum and 

micropyle are at the smallei end. (Fig. 

com. Hi- Cauliclo at 313 ) ^^^n “comes up" with a 

lum at h\ fe; cotyledon ' 

micropyle a; plumule loop, whicii indicates that the hyj)OCOtyl 

greatly elongates. On exam- ^ ^ 
ining a germinating seed, however, it will be 
found that the cotyledons are contained inside a 
fleshy body or sac. (a. Fig. 314.) This 
sac is the endosperm. To its inner sur- m 

face the thin, veiny cotyledons are 

, , ' 1 1 1 . • ^ Indian coiu. v./«u- 

very closely appressed, absorbing its ( licie at c; roots emerg- 
toibstance. (Fig. 315.) The cotyledons p- 

increase in size as they reach the air (Fig. 316), and become 
functional leaves. 

I ' 343. Germination of Indian Com. — Soak kernels of 

H corn. Note that the micropyle and hilum are at the 
(f ^ smaller end. (Fig. 317.) Makealongi- 

{ tudinal section through the narrow 

diameter; Fig. 318 shows it. The 
'b'Ww single cotyledon is at a, 

V I I the caulicle at 6, the 

u plumule at p. The 

n 320. Indian corn. o. plumule; cotylcdon remains in 

I ^ the seed. Ihe food is 

stored both in the cotjdedon and as endosperm, chiefly the 
latter. The emerging shoot is the plumule, with a sheathing 


319, Indian coiu. v./«u- 
licle at c; roots emerg- 
ing at m\ plumule at p. 


320. Indian corn. o. plumule; 
n to p, epicotyl. 
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leaf, (p, Fig. 319.) The root is produced from the tip of the 
caulicle, c. The caulicle is held in a sheath (formed mostly 
from the seed-coats), and some of the roots escape through 
the upper end of this sheath, (m, Fig. 319.) The epicotyl 

elongates, particularly if the 
seed is planted deep or if it is 
kept for some time confined. 
In Fig. 320 the epicotyl has elon- 
gated from n to p. The true 
plurnule-leaf is at o, but other 
leaves grow from its sheath. 
In Fig. 321 the roots are seen 
emerging from the two ends of 
the caulicle-sheath, c, m; the 
epicotyl has grown to p; the 
first plumule-leaf is at o. 



Review. — What does a seed con- 
tain? What do you understand by 
the embryo? What arc its parts? 
Where is the food in thesec^d? What 
are the seed-coats? What is the ini- 
cropylc? Hilum? How may the 
I)ositi()n of the micropyle be deter- 
mined? How do seeds differ? With 
what an* these differences associated? 
What is germination? Under what 
conditions does a seed germinate? 
What is meant by seed vitality? 
What are the best conditions for 
storages of se(‘d? When is germination 
complete? What is the first phenom- 
enon of germination? Explain the relation to O and CO2. Define 
hypocotyl. Epicotyl. Ilyi)ogeal and epigeal germination. What be- 
comes of the plumule? Explain germination in a seed which you 
have studied. 

Note. — Few subjects connected with the study of plant-life are so 
useful in schoolroom demonstrations as germination. The pupil 
should prepare the soil, plant the seeds, water them and care for the 


321. Germination is (‘omplote. p, top 
of epicotyl; o, plumule-leaf; m, 
roots; c, lower roots. 
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plants. Plant in pots or shallow boxes. Cigar-boxes are excellent. 
The depth of planting should be two to three times the diameter of 
the seeds. It is well to begin the planting of seeds at least ten days 
in advance of the lesson, and to make four or five different plantings 
at intervals. A day or two before the study is taken 
up, put seeds to soak in moss or cloth. The pupil 
then has a series from swollen seeds to complete ger- 
mination, and all the steps can be made out. Dry 
seeds should bo had for comparison. 

Good seeds for study are those detailed in the les- 
son, — bean, castor bean, corn. Pea is a good plant to 
contrast with bean. (Fig. 322.) Make drawings and 
notes of all the events in the germination. Note the 
effects of unusual conditions, as planting too deep and 
too shallow and different sides up. For hypogeal ger- 
mination, use the garden pea, scarlet runner or Dutch 
case-knife bean, acorn, horse-chestnut. Squash seeds 
are excellent for germination studies, because the coty- 
ledons become green and leafy and germination is rapid. 
Its germination, as also that of the scarlet runner bean, 
is explained in “Lessons with Plants.” Onion is e» 
cellent, except that it germinates too slowly. In order 
to study the root development of germinating plantlcts, it is well 
to provide a d(^<^ box with a glass side against which the seeds are 
planted. 

Observe the gemiination of any seed that is common about the 
premises. Where elms and maples arc abundant, the germination of 
their seeds may be studied in lawns and along fimces. Figs. 323 to 
330 suggest observations on the Norway maple, which is a common 
ornamental tree. 
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344. The plants thus far studied produce flowers; and 
the flowers produce seeds by means of which the plant is 
propagated. There are other plants, however, that pro- 
duce no seeds, and these plants are probaoly more numerous 
than the seed-bearing plants. These plants’ propagate by 
means of spores^ which are generative cells, usually simple, 
containing no embryo. These spores are very small, and 
sometimes are not visible to the naked eye. 

345. Prominent amongst the spore-propagated plants 
are ferns. The common Christmas fern (so called because 
it remains green during winter) is shown in Fig. 331. The 
plant has no trunk. The leaves spring directly from the 
underground stem. The leaves of ferns are called fronds. 
They vary in shape, as other leaves 
do. Compare Fig. 139 and the 
pictures in this chapter. Some of 
the fronds are seen to be narrower 
at the top. If these are examined 
more closely (Fig. 332) it will be 
seen that the leaflets are contracted 
and are densely covered beneath 
with brown bodies. These bodies 

.. . . 331. Christmas fem. — Dryopteris 

are collections of sporangia or spore- acroatichoides; known also as 

cases (singular, sporangium)* Aspidium. 

346. The sporangia are collected > into little groups, 
known as sori (singular, sorus) or fruit-dots. Each sorus is 
covered with a thin scale or shield, known as an indusium. 
This indusium separates from the frond at its edges, and the 
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sporangia are exposed. Not all ferns have indusia. The 
polypode (Figs. 333, 334) does not: the sori are naked. In 
the brake (Fig. 335) and maiden- 
hair (Fig. 336) the edge of the frond 
turns over and forms an indusium. 

In some ferns (Fig. 337) an entire 
frond becomes contracted to cover 
the sporangia. In other cases the 
indusium is a sac-like covering, 
which splits. (Fig. 338.) 

347. The sporangium or sporc^- 
case of a fern is a more or less globu- 
lar body and usually with a stalk. 

(Fig. 334.) It contains the spores. 

When ripe, it bursts and the spores 
are set free. Lay a mature fruiting 
frond of any fern on white paper, top side up, and allow it 
to remain in a dry, warm place. The spores will discharge 
on the paper. 

348. In a moist, warm place the spores germinate. They 
produce a small, flat, thin, green, more or less heart-shaped 
membrane. (Fig. 339.) This is the prothallus. Sometimes 

le prothallus is an inch or 
ore across, but oftener it 

less than one-fourth this 

^ size. It is com- 

j|H / monly un- 

P I known except 

KK j to botanists. 

! Prothalli may 

often be found 

333. Common polypode fern. — 334. Sori and sporan- in grcenhoUSeS 

Polypodium vulgare. gium of polypode. 

grown. Look on the moist stone or brick walls, or on the 
firm soil of undisturbed pots and beds. 




332. Fruiting frond of Christ- 
mas fern. Sori at a. One 
sorus with its indusium, at b. 
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349. On the under side of the prothallus two kinds of 
organs are borne. These are the archegonium and the anthc- 
ridium. These organs are minute specialized pa^’ts of the 
prothallus. Their positions on a particular prothallus are 

shown at a and b in Fig. 339, but in some 
ferns they are on separate prothalli (plant 
diceciousV The sperm-cells escape fr("»m 
^ ^ , the antheridium and in the water which 

335. The brake fruits u , ii n • i 

underneath the revo- collects on the prothallus are earned to 

lute edges of the leaf, archegonium, where fertilization takes 

place. From a fertilized archegonium a plant grows, and 

this plant becomes the ^^fern.'^ In most eases the prothallus 

dies soon after the fern plant begins to grow. 

350. The fern plant, arising from the fertilized egg in the 
archegonium, becomes a perennial plant, each year pro- 
ducing spores from its fronds, as we have seen; but these 
spores — ^which are merely detached special kinds of cells — 
produce the prothallic phase of the fern plant, from which 
new individuals arise. A fern is fertilized but once in its 
life-time. The prothallium here is the gametophyte] the “fern"’ 



is the sporophyte (phyton is Greek for ^‘plant^O- 


351. This succession 
of generations runs all 
through the vegetable 
kingdom, although there 
are some groups of plants 
in which it is very ob- 
scure or apparently want- 
ing. It is very marked 
in ferns and mosses. In 



algae (including the sea- 


336. Reflexed marginB of a maidenhair frond. 


weeds) the gametophyte constitutes the “plant, as the non- 


botanist knows it. There is a general tendency, in the evo- 


lution of the vegetable kingdom, for the gametophyte to lose 
its relative importance and for the sporophyte to become 
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larger and more highly developed. In the seed-bearing 
plants the sporophyte generation is the only one seen by the 
non-botanist. The gametophyte 
stage is of short duration and the 
parts are small: it is confined to the 
time of fertilization. 

352. The sporophyte of the seed- 
plants, or the plant, as we know it, 
produces spores which, however, are 
not visible to the naked eye. The 
spores are of two kinds: microspores 
borne in tissues called sporangia 
which forms part of the anther; and 
macrospores which 
are present in the 
pistil. The microspore developcs into the 
pollen-grain. The macrospore develops 
in the ovule into an embryo-sac, which 
contains the egg nucleus. The germi- 
nated pollen-grain constitutes the com- 
pletely developed sterile gametophyte. 

The fully developed embryo-sac constitutes the fertile gam- 
etophyte. Fertilization occurs, and the sporophyte is again 

produced. This new sporophyte 
develops farther and we have the 
embryo plant formed in the seed. 
This may remain dormant for a 
time, and when germination 
occurs the visible sporophyte plant 
is produced. This in turn produces 
microspores and macrospores, and 
339. Prothaiius of a fem. Enlarged, the cycle is again Complete. The 
A.ch..oma.t.;antheridUat6. alternation of these phases in the 

piant^s life history is known technically as alternation of 
generations. 





337. Fertile and steriU^ fronds 
of the sensitive fern. 
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353. It happens tiiat the spores of seed -bearing plants 
are borne amongst a mass of specially developed leaves 
known as flowers: therefore, these plants have been known 
as the flowering plants. Some of the leaves are developed as 
envelopes (calyx, corolla), and others as spore-bearing 
parts, or sporophyUs (stamens, pistils). But the spores of 
the lower plants, as of ff^ns and mosses, may also be borne 
in specially developed foliage, so that the line of demar- 
cation between flowering plants and flowerless plants is not 
so definite as was once supposed. The one definite dis- 
tinction between these two classes of plants is the fact that 
one class produces seeds and the other does not. The seed- 
plants are now often called spermaphyteSy but there is no 
single coordinate term to set off those which do not bear 
seeds. It is quite as well, for popular purposes, to use the old 
terms, phenogams for the seed-bearing plants and cryptogams 
for the others. These terms have been objected to in recent 
years because their etymology does not express literal facts 
(phenogam refers to the fa(;t that the flowers are showy, and 
cryptogam to the fact that the partes are hidden), but the 
terms represent distinct ideas in classification. Nearly 
every word in the language has grown away from its ety- 
mology. The cryptogams include three great series of 
plants — the Thallophytes or algje, lichens and fungi; the 
Bryophytes or moss-like plants; the Pteridophytes or fern- 
like plants. In each of these series there are many families. 
See the following Chapter. 

Review. — What is a spore? Describe the appearance of some 
fern plant that you have studied. What are the spores and sporangia? 
What is a sorus? Indusium? What grows from the spore? How does 
the new ^‘fem” plant arise? What is meant by the ph aso '^alternation 
of generations?’^ Define gametophyte and sporophyte. Dosciibe 
the alternation in flowering plants. Explain the flower from this point 
of view. What is the significance of the word spermaphyte? Contrast 
phenogam and cryptogam. 

Note. — ^AU the details of fertilization and of the development of 
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the generations are omitted from this book, because they are subjects 
for specialists and demand more training in research methods than 
the high-school pupil can properly give to plant-study. Cryptogams 
are as widespread as phenogams, and for this reason it has been 
urged that they are most proper subjects for study in the school. This 
position is untenable, however, for the best plant subjects for youth 
are those which mean most to his life. It is said, also, that cryptogams 
are best for the beginner because their life-processes are relatively 
simple in many cases; but the initial study of plants should be under- 
taken for the purpose of quickening the pupil’s perception of common 
and familiar forms and problems, rather than for the purpose of de- 
veloping a technical knowledge of a given science. 



CHAPTER XXVII 

STUDIES IN CRYPTOGAMS 

The special advanced pupil who has acquired skill in 
the use of the compound microscope may desire to make 
more extended excursions into the cryptogamous orders. 
The following plants, selected as examples in various groups, 
will serve as a beginning. 


ALG^ 


The algjE comprise most of the green floating ^‘scum^^ which covers 
the surface of ponds and other quiet waters. The masses of plants 
are often called ‘Trog spittle.” Others are attached to atoiu^s, pi(M!es 
of wood and other objects submerged in streams and lakes, and many 
are found on moist ground and on dripping rocks. Aside 
from these, all the plants (jommonly known as seaweeds 
belong to this category, 'i’he^y are inhabitants of salt water. 

The simplest forms of algae consist of a single spherical 
cell, whic.h multii)lics by rej)eatwi division or fission. 

Specimens of these may be found growing on damp rock 
and the shady side of trees. Most of the forms found In 
fresh water are filamentous, i.e., the plant-bofly consists 
of long threads, eitlier sinii)le or branched. Such a plant- 
body is termed a thallus. This term applies to the v^ege- 
tative body of all plants which are n(»t differentiated into 
stem and leaves. Such plants are known as thcillophytes 
(358). All algae contain chlorophyll, and are able to as- 
similate carbon dioxid from the air. This distinguishes 
them from the fungi. 

Spirogyra . — One of the most common forms of the 
green algae is spirogyra. (Fig. 340.) This plant frequently 
forms the greater part of the floating green mass on ponds. 

The filamentous character of the thallus can be seen with 
the naked eye or with a hand lens, but to study it carefully 


340. Strand of 
spirogyra, 
s n o ^ i n g 
the chloro- 
phyll bands. 
There is a 
nucleus at a. 


a microscope magnifying two 


hundred 

(185) 


diameters or more should 
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be used. The thread is divided into long cells by cross-walls which, 
according to the species, are either straight or curiously folded. (Fig. 
341.) The chlorophyll is arranged in beautiful spiral bands near the 
wall of each cell. From the character of these bands the plant takes 
its name. Each cell is provided with a nucleus and other 
protoplasm. The nucleus is suspended near the center 
of the cell, a. Fig. 340, by delicate strands of proto- 
plasm radiating toward the wall and terminating at 
certain points in the chlorophyll band. The remainder 
of the protoplasm forms a thin layer lining the w'all. 
The interior of the ceU is filled wit h cell-sap. The pro- 
toplasm and nucleus cannot be easily seen, but if the 
plant is stained with a dilute alcoholic solution of eosin 
(153) they become clear. 

Spirogyra is propagated vegetatively by the break- 
ing off of parts of the threads, which continue to grow 
as new plants. Hesting-spores, which may remain dor- 
mant for a time, are formed by a process known as con- 
jugation. Two threads lying side by side send out 
short projections, usually from all the (jells of a long 
series, (Fig. 341 .) The projections or processes from 
opposite cells grow toward each other, meet and fuse, 
forming a connecting tube between the cells. The 
protoplasm, nucleus and chlorophyll band of one cell 
now pass through this tube, and unite with the con- 
tents of the other cell. 'The entire mass then becomes surrounded by 
a thick cellulose wall, thus completing the resting-spore, or zygospore. 
(Fig. 341, 2.) 

Vaucheria is another alga common in shallow water and on damp 
soil. The thallus is much branched, but the threads are not divided 
by cross-walls as in spirogyra. The plants are attached by means of 
colorless root-like organs which are much like the root-hairs of the 
higher plants: these are rhizoids. The chlorophyll is in the form of 
grains scattered through, the thread. 

Vaucheria has a special mode of vegetative reproduction by means 
of swimming spores or swarm-spores. These arc formed singly in a 
short, enlarged lateral branch known as the sporangium. When the 
sporangium bursts the entire contents escape, forming a single large 
swarm-spore, which swims about by means of numerous lashes or cilia 
on its surface. The swarm-spores are so large that they can be seen with 
the naked eye. After swimming about for some time they come to 
rest and germinate, prcxlucing a new plant. 



341. Conjugation 
of spirogyra. 
Ripe aygo- 
spores on the 
left; connect- 
ing a, tubes. 
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The formation of rcsting-spores of vaucheria is accomplished 
by means of special organs, oogonia Fig. 342. o, and antheridia. IFig 
342, a.) Both of these are specially developed branchci^ from the thallus. 
The antheridia are nearly cylin- 
drical, and curved toward the 
oogonia. The upper part of an 
antheridium is cut off by a 
cross-wall, and within it nu- 
merous ciliated sperrn-cclls are 
formed. These escape by the Thread o' vaucheria with oogonia 

ruptured apex of the antherid- anthenn a. 

ium. The oogonia are more enlarged than the antheridia and have 
a beak-like projection turned a little to one side of the 
apex. They are separated from the thallus-thread by a 
cross-wall, and contain a single large green cell, the egg- 
cell. The apex of the oogonium is dis.solved, and through 
the opening the sperm-cells enter. Fertilization is thus 
accomplished. After fertilization, the egg-cell becomes 
invested with a thick wall and is thus converted into a 
resting-spore, the oospore. (Fig. 343.) 

FUNGI 

Some forms of fungi are familiar to every one. Mushrooms and 
toadstools, with their varied forms and colors, are common in fields, 
woods and pastures. In every household the common moulds are 
familiar intruders, appearing on old bread, vegetables and even within 
tightly sealed fruit jars, where they form a felt-like layer dusted over 
with blue, yellow or black powder (192). The 
strange occurrence of these plants long mystified 
people, who thought they were productions of the 
dead matter upon which they grew, but now we 
know that a mould, like any other plant, cannot 
originate spontaneously; it must start from some- 
thing which is analogous to a seed. The “setd” 
in this case is a spore. The term spore is applied 
to the minute reproductive bodies of all flower- 
less plants. A spore is a very simple structure, 
usually of only one plant-cell, whose special 
function is to reproduce the plant. A spore may 
be produced by a vegetative process (growing out from the ordinary 
plant tissues), or it may be the result of a fertilization process (344). 




343 . 

Ripe oospore 
of vaucheria. 
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Mould . — One of these moulds, Mucor mucedo, which is very com- 
mon on all decaying fruits and vegetables, is shown in Fig. 344, some- 
what magnified. When fruiting, this mould appears as a dense mass 
of long white hairs, often over an inch high, standing erect from the 
fruit or vegetable upon which it is growing. ^ a 

The life of this mucor begins with a minute 0^ 
rounded spore (a, Fig. 345), which lodges on the ^ 
decaying material. When the spore germinates, it ^ 
sends out a delicate thread which grows rapidly in 
length and forms very many branches which soon of mucor; 

permeate , every part of the substance on which the germinating, 

plant grows. (5, Fig. 345.) One of these threads is termed a hypha. All 
the threads together from the mycelium of the fungus (194). The 
mycelium disorganizes the material in which it grows, and thus nour- 
ishes the mucor plant. (Fig. 344.) It corresponds physiologically to the 
roots and stems of other plants. 

When the mycelium is about two days old, it begins to form the 
long fruiting stalks which we first noticed. To study them, use a 
compound microscope magnifying about, two hundred diameters. One 
of the stalks, magnified, is shown in Fig. 34(i, a. It. consists of a rounded 
head, the sporangium, sy;, supported on a long, dedicate stalk, the 
sporangiophore, st. ''Fhe stalk is separated from the sporangium by 
a wall which is formed at the^ bjuse of the sporangium. This wall, how- 
ever, does not extend straight across the 
thread, but it arches up into the sporangium 
like an inverted p(*ar. It is known as the 
columella^ c. When the sporangium is placed 
in water, the wall imme«liately ruptures and 
allows hundred of spores, which were formed 
in the cavity within th(^ sporangium, to 
escape, h. All that is left of the fruit is 
the stalk, with the pear-shaped columella 
at its summit, c. The spores which have been 
set free by the breaking of the sporangium 
wall are now scatteTed by the wind and 
other agents, l^hose which lodge in favor- 
able places begin to grow immediately and 
reproduce the fungus. The others soon perish. 

The mucor may continue to reproduce itself in this way indefi- 
nitely, but these spores are very delicate and usually die if they do not 
fall on favorable ground, so that the fungus is provided with another 
means of carrying itself over unfavorable seasons, as winter. This is 



340. Mucor. a, Bporangium; 
6, sporangium bursting ; 
c, columella. 
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accomplished by means of curious thick- walled resting-spores or zyg> 
spores. The zygospores are formed on the mycelium buried within 
the substance on which the plant grows, '^^hey originate as follows: 
The threads of two sexually different plants that 
lie near toget,her send out short branches, whu;h 
grow toward each other ami finally meet. (Fig. 347.) 

The walls at the ends, then disappear, allowing 
the contents to flow tog(^ther. .\t the same time, 
however, two other walls are formed at points 
farther back, h, b, separating the short section, c, 
from the remainder of the thread. This section now 
increases in size and beconu^s covered with a thick, 
dark brown wall ornamented with thickened t’:- 
bercles. The zygospore is now matnre and, after 
a period of rest, it germinatt\s, cither producing a 
sporangium directly or growing oui as mycelium. 

The zygospores of the mucors form one of the 
most interesting and instructive objects among the 
lower plants. They are, however, very difficult to 
obtain. One of the mucors, Sporodinia grandis, 347^lucor showing 
may be frequently found in summer growing on formation of zygo- 
toadstools. This plant usually produces zygospores, germinating zygo- 
which are formed on the ai'rial mycelium. 1’he «Po« the left- 
zygospores arc large enough to be recognized with a hand lens. The 
material may be dried and kept for winter study, or the zygospores may 
be prepared for permanent. inicros(;opic mounts in the ordinary way. 

Willow mildew . — Most of the molds arc saprophytes (192). There 
are many other fungi which are parasitic on living plants and animals. 
Some of them have interesting and complicated life-histories, under- 
going many changes before the original spore is again produced. The 

willow mildew and the 
common rust of wheat 
will serve to illustrate the 
habits of parasitic fungi. 

The willow mildew 
(Uncinula salicis) forms 
white downy patches on 
the leaves of willows. (Fig. 348.) These patches consist of numer- 
ous interwoven threads which may be recognized as the mycelium 
of the fungus. The mycelium in this case lives on the surface of the 
leaf and nourishes itself by sending short branches into the cells of the 
leaf to absorb food-materials from them. 



348. Colonies of willow mildew. 
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Numerous summer-spores axe formed on short erect branches all 
over the white surface. One of these branches is shown in Fig. 349. 
When it has grown to a certain length, the upper part begins to segment 
or divide into spores which fail and are scattered by the wind. Those 
falling on other willows reproduce the 
fungus there. 

This process continues all summer, 
but in the later part of the season pro- 
vision is made to maintain the mildew 
through the winter. If some of the white 
patches are closely examined in July or 
August, a number of little black bodies 
will be seen among the threads. These 
349. SummeMpores of willow little bodies, called perithecia, are shown in 
Fig. 350. To the naked eye they appear 
as minute specks, but when seen under a magnifi (nation of 200 diameters 
they present a very interesting appearance. They are hollow spheri- 
cal bodies decorated around the outside with a fringe of crook-like 



hairs. The resting-spores of the 
willow mildew are produced in 
sacs or asd inclosed within the 
leathery perithecia. Fig. 351 
shows a cross-section of a peri- 
thecium with the asci arising 
from the bottom. The spores 
remain securely packed in the 
perithecia. They do not ripen in 
the autumn but fall to the 
ground with the leaf and (here 
remain securely protected among 
the dead foliage. The following 
spring they mature and are lib- 
erated by the decay of the peri- 



350. Perithecium of willow mildew. 


thecia. They are then ready to attack the unfolding leaves of the 


willow and repeat the work of the summer before. 

Wheat rust . — The development of some of the 
rusts, like the common wheat rust (Puccinia gram- 
inis), is even more interesting and complicated 
than that of the mildews. Wheat rust is also a true 
parasite, affecting wheat and a few other grasses. 
351. Section through mycelium here cannot be seen by the unaided 
low mildew. ©ye, for it consists of threads which are present 
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within the host -plant, mostly in the intercelhilar spaces. These 
threads also send short branches, or hausturia (194). Into the neighbor- 
ing cells to absorb nutriment. 

The restlng-spores wheat rust are 
produced in late suii'mer, when they may 
be found in black lines breaking through the 
epidermis of the wheat-stalk. They are 
formed in masses, called sori (Fig. 352), 
from the ends of numerous crowded mycelial 
strands just beneath the epidermis of the 
host. The individual spores are very small 
and can be well studied only with high 
powoi-s of the microscope (x about 400). 
The‘y are browm twr>-celled bodies with a 
thick wall. (Fig. 353.) Since they are the 
resting* or winter-spores, they are termed 
Ickulos'pores (“completed spores"). They 
usually do not fall, but remain in the sori 
during winter. The following spring each 
cell of the teleutosporc puts forth a rather stout thread, which does 
not grow more than several times the length of the spore and termi- 
nates in a blunt extremity. (Fig. 354.) This germ-tube, promycelium^ 
now becomes divided into four cells by cross-walls, which are formed 
from the top downwards. Each (h 41 gives rise 
pointed branch which, in the course of a few he 
single small spore at its summit. In Fig. 354 a 
spore is drawn to show tlu^ basidium, 6, divid 
cells, ^^ch producing a sliort branch with a little f 
A inost remarkable circumstance in the lii 
the wheat rust is the fact that the mycelium j 
the teleutosporc can live only in barberry 
leaves, and it follows that if no barberry 
bushes are in the neighborhood the sporiuia 
finally perish. Those which happen to lodge on 
a barberry bush germinate immediately, pro- 
ducing a mycelium which enters the barberry 
leaf and grows within its tissues. Very soon 
the fungus produces a new kind of spores on Teuleutospore of wheat 
the barberry leaves. These arc called secidio- 

spores. They are formed in long chains in little fringed cups, or sedduif 
which appear in groups on the lower side of the leaf. (Fig. 355.) These 
orange or yellow ajcidia are termed cluster-cups. In Fig. 356 is shown 
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355. Leaf of barberry with 
' cluster-cups. 


a cross-section of one of the cups, outlining the long chains of spores, 
and the mycelium in the tissues. 

The aecidiospores are formcid in the spring, and after they have been 
set free some of them lodge on wheat or other grasses, where they germi- 

nate immediately. The germ-tube 
enters the leaf through a stomate, 
whence it spreads among the cells of 
the wheat plant. The aicidiospores 
arc not able to infect the barberry 
leaf. During summer onc-cellcd 
urcdospores (^‘blight spores”) are 
producid in a manner similar to the 
teleutosporcs. I'he sori bearing them are red, due to the color of the 
spores of the mass. These are capable of germinating immediately 
and serve to disseminate the fungus during the surnrnc^r on other wheat 
plants or grass(»s. (Fig. 357.) Late in the seiuson, telcutospores are again 
produced, completing th(^ life cycle of the plant. 

Many rusts besid(is Pu(;(;inia graminis produce diffc?%nt spore-forms 
on different plants. The phenom- 
enon is called helercecmn, and 
was first shown to exist in the 
wheat rust. Curiously enough, the 
peasants of FiUrop<^ had observed 
and asserted tJuit barberry busings 
cause wheat to blight long before 
scieiKie explained th(^ ndation be- 
tween the cluster-cups on barberry 
and the rust on wheat, 'fhe true 
relation was actually dc^monstrated, 
as has since been done for many 
other rusts on their respective 
hosts, by sowing the aecidiospores 
on healtrhy wheat 
plants and thus pro- 
ducing th(^ rust. The 
cedar apple is another 

rust, tlu^ fungus producing the curious swellings often 
found on the branches of red cwlar trees. In the spring 
the teleutosporcs ooze out from the ‘‘apple” in brownish yellow masses. 
It has been found that these attack various pomaceous fruit trees pro- 
ducing aicidia on their leaves. Ctdar trees about orchards may be a 
menace unless carefully watched. 




357. 

Urcdospores of 
wheat rust. 


356. Section through a cluster-cup on 
barberry leaf. 

1 
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LICHENS 

Lichens are so common everywhere that the attention of the student 
IS sure to be drawn to them. They grow on rocks (Fig. 373), trunks 
of trees, old fences and on the eerth. They are too difficult for begin- 
ners, but a few words ol explanation may be useful. 

Lichens were formerly suj^posed to be a distinct or separate divi- 
sion of plants. They are now known to be organisms, each species of 
which is a constant association of a fungus and an alga. The thallus 
is ordinarily made up of fungous mycelium or tissue, within vffiich the 
imprisoned alga is definitely distributed. This association of alga and 
fungus is usually spoken of as symbiosis, or mutually helpful growth, 
both together being able to accontplish work which neither could do 
independently. By others this union is considered to be a mild form 
of parasitism, in which the fungus profits at the expense of the alga. 
Each component may be able to grow indi^pendently, and under such 
conditions the algal cells seem to thrive better than whim imprisoned 
by the fungus. ♦ 

Lichens propagate by means of soredia, which are tiny parts sepa- 
rated from th(i body of the thallus, and cjonsisting of one or more algal 
cells overgrown wdth fungous threads. These arc? readily observed 
in many lichens. They also produce spores, usually ascosporcs, which 
are always thc^ product of th(^ fungous element,, and which reproduce the 
lichen by germinating in the presence of algal cells, to which the hyphff 
immediately cling. 

Lichens are found in th(^ most inhospitabki places and, by means 
of acids whi(ffi they secr('t(^, thej^ attack and slowdy disintegrate even 
the hardest rocks. By making thin sections of the thaiJus with a sharp 
razor and examining under the compound microscope, it is easy to 
distinguish the two components in many licdiens. 

LIVERWORTS 

The liverworts are peculiar, flat, green plants usually found grow- 
ing on wet cliffs and in other moist, shady places. They frequently 
occur in greenhouses where the soil is kept constantly wet. One of 
the commonest liverworts is Marchanlla i)olymorpha, two plants of 
which are shown in Figs. 358, 359. The plant consists of a flat ribbon- 
like thallus which spreads over the soil, be(;oming repeatedly forked 
as it grows. The end of each branch is always conspicuously notched. 
There is a prominent midrib extending along the center of each branch 

M 
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of the thallus. On the under side of the thallus, especially along the 
midrib) there are numerous rhizoids which serve the purpose of roots, 
absorbing nourishment from the earth and holding the plant in its 
place. The upper surface of the thallus is divided into minute rhombic 
areas which can be seen with the naked eye. Each of these areas is 
perforated by a small breathing pore or stomatc which leads into a 


358. 359. 

Plants of marchantia. 

cavity just beneath the epidermis. This space is surrounded by chloro- 
phyll-bearing cells, some*, of which stand in rows from the bottom of 
the cavity. (Fig. 360.) The delicate assimilating tissue is thus brought 
in close communication with the outer air through the pon^ in the 
thick protecting epidermis. 

At various points on the midrib are little cups which contain small 
green bodies. These bodies are buds or gammw. which are outgrowths 
from the cells at the bottom of the cup. They become loosened and 
are then dispersed by the rain to other places where they take root and 

grow into new plants. 

l'*hc most striking organs on the 
thallus of marcjliantia are the pecu- 
liar stalked bodies shown in Figs. 358, 
359. These an^ termed archegonio^ 
phore and nntheridiophores or re- 
ceptacles, each produced on separate 
plants. Their structure and function 
are very interesting, but their parts 
360. Section of thallus of marchantia. are SO minute that they can be 

Stomate at a. studied only with the aid of a micro- 

scope magnifying from 100 to 400 times. Enlarged drawings wiii 
guide the pupil. 

The antheridiophores are fleshy lobed disks borne on short stalks. 
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(P’ig. 358.) The upper surface of the disk shows openings scarcely 
visible to the naked eye. liowevcr, a section of die disk, such as is 
drawn in Fig. 361, shows that the porcp lead inh oblong cavities m 
the receptacle. From the base of each ca' ity tlujre arises a thick 
club-shaped body, the antheridium. Withm the r iitheridium are 



361. Section through antheridiophorc of marchantia, showing anth''ridia. 
( >ne arUheridiu^u mor('. magnified. 


formed many sperm-cells which arc capable of swimming about in 
water by means of long lashes or cilia attached to them. Wlice the 
antheridium is mature, its wall ruptures and allows the ciliated sperm- 
cells to escape. 

The archegoniophores are also elevated on stalks. (Fig. 359.) In- 
stead of a simple disk, the reccpta(d(‘ consists of nine or more finger- 
like rays. Along the un(l(T side of the rays, betweem delicately fringed 
curtains, peculiar flask-lik(^ bodies, or archegonia, are situated. The 
arohegonia are not visible to tli(' naked eye. They can be studied only 
with the microscope (x about 4fK)). One of them much magnified is 
represented in Fig. 362. Its ])rineipal parts are the long neck^ a, and 
the rounded center, b, inclosing a large free cell — tli( cgg-cell. 

We have seen that th(^ antheridium at matiiri > discharges its 



362. Archogo- 
nium of niar- 
chantia. 


sperm-c(‘lls. ''I'hose swim about, in the water provided 
by the dew and rain. Some of them finally find their 
way to the arch(‘gonia and egg-c^.dls, which are thus 
fertilized, as pollen b rtilizes the ovules of higher plants. 

After fertilization the egg-cell 
develops into the spore-eapsule or 
sporogonium. The mature spore- 
capsules may be seen in Fig. 363. 

They consist of an oval si)ore-case 
on a short stalk, the base of which 
is imbedded in the tissue of the re- 
ceptacle from which it derives the 

necessary nourishment for the de- 303 Archcgoniophore 
. With sporogonia of 

velopment of the sporogonium. At marchantia. 
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maturity the sporogonium is ruptured at the apex, setting free the 
spherical spores together with numerous filaments having spirally 
thickened walls. (Fig. 3(54.) These filaments are called elatcrs. When 
drying, they exhibit rapid movements by means of which the spores 
are scattered. The spores germinate and again produce the thallus of 
marchantia. 


MOSSES 

If we have followed carefully the development of marchantia, the 
study of one of the mosses will be comparatively easy. The mosses 
are more familiar plants than the liverworts. They grow on trees, 
stones, and on the soil both in w(‘t and dry places. One of the com- 
mon larger mosses, known as Polytrichum commune, may serve as an 
example. This plant grows on rather dry knolls, mostly in the borders 
of open woods, where it. forms large beds. In dry weather these beds 
have a reddish brown appc^aranc^c, but when moist th(‘y form beautiful 
green cushions. This color is due, in the first instant^e, to the color of 
the old stems and leaves and, in the second instance, to the peculiar 



365. Section of leaf of Polytrichum commune. 


action of the green living leaves under the influence of changing mois- 
ture-conditions. The inner surface of the leaf is covered with thin, 
longitudinal ridges of delicate cells which contain chlorophyll. These 
are shown in cross-section in Fig. 365. All the other tissue of the 
leaf consists of thick- walled, corky cells which do not allow moisture 
to penetrate. When the air is moist the green leaves spread out, 
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366. Section through a receptacle of 
Polytrichum commune, showing 
paraphyses and antheridia. 


exposing the chlorophyll cells to the air, but in dry weather the mar- 
gins of the leaves roll inward, and the leaves fohl closely against the 
stem, thus protecting the delicate assinnia iug tissue. 

The antheridia and archegonia of pol 3 ^trK*hiim arc borne in groups 
at the ends of th(‘ branches on different 
plants (many mosses bear both organs 
on the same bri nchj. Tht‘y are sur- 
rounded by inyolu:!r('s of characteristic 
leaves termed perichsctia ( r perichHol 
leaves. Multitjcllula'* hairs known as 
paraphyses are scattered among the 
archegonia and antlieridia. invo- 

lucres with the organs borne within them are called receptacles or, less 
appropriately, “moss flowers.’^ As in marchaiitia, the organs are very 
minute and must be highly magnified to be studied. 

The antheridia are borne in broad cup-like receptacles on the 
antheridial plants. (Fig. 366.) They are much like 
the antheridia of marchantia, but they stand free 
among the paraphyses and are not sunk in cavities. 

At maturity they burst and allow the sperm-cc^lls 
or spermatozoids to escape. 

In polytri(;hum when the re- 
ceptacles have fulfilled their 
function the stem continues 
to grow from the center of the 
cup. (Fig. 367, ni.) The arch- 
egonia are borne in otluT le- 
ceptacles on diffenmt j)]ants. 

They are like the archegonia 
of marchantia except that they 
stand erect on the end of the 
branch. 

The sporogonium which de- 
velops from the fertilized egg 
is shown in Fig. 367, a, b. It 
consists of a long, brown stalk 
bearing the spore-case at its 
summit. The base of the stalk 
is embedded in the end of the 
moss stem by which it is nour- 
ished. The capsule is entirely inclosed by a hairy cap, the calyptra^ h. 
The calyptra is really the remnant of the archegonium, which for a time 




367. Polsrtrichum commune; /, /, fertile plants, 
one on the left in fruit; m, antheridial plant. 
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increases in size to accommodate and protect the young growing cap- 
sule. It is finally torn loose and carried up on the spore-case. The 
mouth of the capsule is closed by a circular lid, the operculum, having 
a conical projection at the center. The operculum soon drops, or it 
may be removed, displaying a fringe of sixty-four te(;th guarding the 
mouth of the capsule. 

This ring of teeth is known as the peristome. In most mosses the 
teeth exhibit peculiar hygroscopic movements, r.e., when moist they 
bend outwards and upon drying curve in toward the mouth of the 
capsule. This motion, it will be seen, serves to disperse the spores 
gradually over a long p(‘riofl of time. 

Not the ent,ire capsules is filled with spores. There are no elaters, 
but the center of th(^ cai)sulo is o(H;ui)ied by a (!olumnar strand of tis- 
sue, the columella, which expands at the mouth into a 
thin, me^mbranous disk, (dosing the (jntin^ mouth of the 
capsule (5X(;(^pt the narrow annular (hink guarded by the 
teeth. In this moss the i)oints of the teeth are attached 
to the margin of the membrane, allowing the spores to sift 
out through the spa(^<'s bedweem them. 

Wlu^n tlie spor(\s g(‘rininate, th(‘y form a green, 
branchc'd thread, the proto7ierna. This gives rise directly 
to moss i)lants, which appear as little buds on the thread. 
Wh(in th(5 moss j)lants have* semt th(‘ir little rhizejids into 
the (^arth, t lu* i)rotonema dies, for it is no longer necessary 
for the support of th(i little plants. 

P^ERNS 

The adder’s tongue R.rn, Ophioglossum vulgatum, 
shown in Pdg. Il()8, is one of a peculiar typ(^ of f(‘rns be- 
longing to the family ()phioglossac(‘ie. This jdarit has a 
short, subterranean stem from whi(di a single frond unfolds 
each yc^ar. The roots arise near the* basc‘s of the leaves. 

308. The lc^av(\s are cairiou.sly dividc^l into a slc'rile and a 
Ophioglossum fertile part, the* lattcT being a sixjrophyll. 'Phe sterile part 
vulgatum. ^ tongiu‘-sha])(Hl blade which is narrowed to a petiole. 
The young leaves are incdosc'd by the shcjathing base of the petiole. 
The growth is very slow, so that it takers several years for each leaf to 
develop before it is rc^ady to unfold. During its development each leaf 
is sheathed by the one pr(*ecHling it. 

The sporophyll is eh'vated on a stalk arising near the base of the 
sterile part of the frond. The upper part consists of a spike bearing 
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two rows of large spore-oases or sporangia sunk in the tissue. At 
maturity the sporangia open by transverse slits and discharge the 
inclosed spores. 

When the spores germinate they produc? su>terranean tuberous 
prothallia which, howev(*r, are rarely found, and of wh(^se history little 
is known. They develop archegonia and antheridia beneath the surface 
of the ground, and the fertilized egg produces thf^ young fern pi tnt. 

The generations of the true ferns ere explained in Chapter XXVI. 


EQITSETUMS, OR HORSETAILcs 

There are about tw(^nty-fivo species of equisf'.tuni, conMiituting 
the only genus of the uni(|uc family Equisetacea>. Among these E. 
arvense is common on clayey and sandy soils. 

In this sp(‘ci(\s the work of nutrition and thaf of spore-production 
are performed by separate* shoots from an underground rhizome. The 
fertile branch(*.a app(Mir early in spring. Th(i stem, whicli is 3 to () 
inches high, consists of a number of cylindrical furrowed internodes 
each sheathed at thci base* by a circhi of scale-l(>aves. The shoots are 
of a jjale yellow col<jr. Thc^y contain no chloroi)hyll, and are nourished 
by the food stored in the rhizome. (Fig. 309.) 

3^he spores an* formed on specially dcvelopt^d fertihi leaves or 
sporophylls which are collo(;ted into a si)ike or cone at the (md of the 
stalk (Fig. 369, a). A single sporophyll is shown at b. It consists 
of a short stalk expanded into a broad, mushroom-like head. Several 
large* sporangia are borne^ on its under side. 

The spores fonned in the si)orangia are very interesting and beau- 
tiful objects when examined under the microscope (X about 200). 
They are spherical, green bodies each surrounded by two spiral bands 
attached to the spore at tlieir intersection, ,s*. These bands exhibit 
hygroscopic movements by means of which the spores become entangled, 
and held together. This is of advantage to the plant, as we shall see. 

All the spores are alike, but some of thtj j^rothallia sire better nour- 
ished and grow to a greater size than the others. The large prothallia 
produce only archegonia while the smaller ones produce antheridia. 
Both of these organs are much like those of the ferns, and fertilization 
is accomplished in the same way. Since the prothallia arc usually 
dicecious, the special advantage of the spiral bands holding the spores 
together, so thsit both kinds of prothallia may be in close proximity, 
will be easily understood. As in the fern, the fertilized egg-cell develops 
into an equisetum plant. 
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The sterile shoots, Fig. 369, st, appear much later in the season. 
They give rise to repeated whorls of angular or furrowed branches. 
The leaves are very much reduced scales, situated at the intemodes. 
The stems are provided with chlorophyll and act as assimilating tis- 
sue, nourishing the rhizome and the fertile shoots. Nutriment is also 
stored in special tubers developed on the rhizome. 



369 . EquiMCtuni urvonse; at, sterile shoot;/, fertile shoot showing the 
spike at a; 6, sporophyll, with sporangia; a, spore. 


Other species of equisetum have only one kind of shoot — a tall, 
hard, leafless, green shoot with the spike at its summit. Equisetum 
stems are impregnated with silica and they are sometimes used for 
scouring floors and utensils: hence the common name “scouring rush.” 

ISOETES 

Isoefces or quillworts are usually found in water or damp soil on 
the edges of ponds and lakes. The general habit of a plant is seen 
in Fig. 370, a. It consists of a short., perennial stem bearing numer- 
ous erect, quill-like leaves with broad sheathing bases. The plants 
are commonly mistaken for young grasses. 

Isoetes bears two kinds of spores, large roughened ones, the macro- 
sporeSf and small ones or microspores. Both kinds are formed in spo- 
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rangia borne in an excavation in the expanded base of the leaf. The ina- 
crospores arc formed on the outer, and the microsporet- on the inner leaver 
A sporangium in the base of a leaf is shown ^.t It, Is partially covered 
by a thin membrane, the relum. The minute trianjialar appendage at 
the upper end o^ the sporangimn is called ihclig'ide. 

'^rhe spores are liberated by the d(*(ray of the spo- 
rangia. They form rudiment, aiy prothaliia oi two 
kinds. 'J^he inicrospores produce prothaliia with lUi- 
theridia. while the rnacrospores produce prothaliia with 
archegonia. Fe rtilization takes place as in the mosses 
or liverworts, and the fertilized egg-(;ell, by continued 
growth, gives rise again to the isoctes plant. 


ALTERNATION OF GEMiIRATIONS 

In Chapter XXVI, the aliernations of generations 
and the terms gamelo'phtye and sporophyte were 
explained. In many of the; plants just studied, 
this alternation is more clearly and beautifully 
marked than in any other gr()U]>s of plants. 
In each generation, the rejiroductive body 
(egg or sponO gives rise to a nc^w plant- 
form or genenition (liffer(‘nt from the par- 
(‘nt generation. In the liverworts the 
thallus produces the egg. The fe rt ilized 
egg-(^ell is the beginning of a new jilant, 
but this new plant is not like the thallus 
which produced the egg, nor does it lejui 
an independent, existence. It is thesporo- 
gonium, which, although it is attached to 
the thallus, is not a morphological part 
thereof. The sporogoniurn produces spores. It is tlui siiorophyic gen- 
eration of the plant, and not until the siion s germinate is the thallus 





370. Isoetes showing habit of 
plant at a; b, base of leaf 
showing sporangium, velum, 
and ligule. 


again produced. '^Fhe same is true in the mosses, l^he “moss plant” 
produces the egg-cells. It is the gamctophyt,e. The fertilized egg-cell 
develops into the sporophyte — ^the spore-case and its stem. We can 
pull the stem of t,he capsule out of the moss plant and thus separate 
the sporophyte from the gametophyte. 

The fungi and alga; are omitted from these remarks. In the former 
there is nothing analogous to the sporophyte and the gametophyte. 
In algae like spirogyra, evidently the whole plant is a gametophyte. 
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and, since the zygospore germinates directly into a new gametophyte, 
there is probably no sporophyte. In some other algae traces of a sporo- 
phyte have been found, but the discussion of these would lead too far 
for the present purpose. 

In the ferns the egg-cells arc developed on the prothalliis. This 
then is the gametophyte. It corresponds to the thallus of marchantia 
and to the ‘'moss plant,” but it has become much reduced. The plant 
developing from the fertilized egg-cell is the large and beautiuil “fern 
plant” differentiated into stems and leaves. Since the fern plant 
produces the spores directly, it is the sporophyte and correspontls 
to the shaft and capsule of th(? mosses. Both sporophyte and gameto- 
phyte lead an independent existence. 

As we pass on to cquisetum and oscctes, (he sporophyte is still 
more conspicuous in comparison with the gam(»tophyte. In isoetes the 
prothallus (garnet ophyt/c) is very rudimentary, consisting only of a 
f(iw cells remaining within th(^ spore, which merc^ly bursts to exposes 
the archegonia or to allow the sperm-cells to escape. Moreover, the 
spores have become differtmtiated into micro- and macrosporcs corre- 
sponding to the pollen and embryo-sac; of higher plants. 

This gradual increase of the; sj)orophyte and reduction of the gameto- 
phyte can be traced on through the flowering plants in which “the 
plant” is the sporophyte, and the gmnetophyte is represented simply 
by a few cells in the germinating pollen grain, and in the embryo-sac. 
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ENVIRONMENT AND TO MAN 




CHAPTER XXVIII 

WHERE PLANTS GROW 

354. Environment. — The circumstances and s.^rroimd- 
ings in which an organism lives constitute its environment. 
The environment comj)rises effects of soily moisture, tempera'- 
ture, altitude, sunlight, competition with animals and other 
plants, and the like. An organism is greatly influen(;ed by 
the environment or conditions in which it lives. Not only 
must a plant live and grow and multiply its kind, but it 
must be capable of withstanding diverse environments. 

355. The particular place in which a plant grows is known 
as its habitat (i.e., its ^^habitation^O* The habitat of a given 
plant may be a swamp, hill, rock, sand plain, forest, shore. 
The plant inhabitants of any region are known collectively 
as its flora. Thus we speak of the flora of a meadow or a 
hill or a swamp, or of a country. The word is also used 
for a book describing the plants of a region (as in Part IV). 

356. Plants Grow Where They Must. — The plant is not 
able to choose its environment. It has no volition. Its seeds 
are scattered, and only a few of them fall in favorable places. 
The seeds make an effort to grow even though the places are 
not favorable; and so it happens that plants are often found 
in places that are little adapted to them. See the fern 
growing on a brick in Fig. 74. Plants must grow in 
unoccupied places. 

357. Not only do the seeds fall in unfavorable places, 
but most places are already occupied. So it comes that 
plants grow where they must, not always where the conditions 
are the most favorable. There are, of course, certain limits 
beyond which plants cannot grow. Water-lilies can thrive 

( 205 ) 




372. Plants seize the first opportunity to grow. Palisades of the Hudson. 
( 206 ) 
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only in water, and white oaks only on dry land, but it is 
seldom that either the water-lily or the oak finds the most 
congenial place in which to grow. Fiiu large plants of the lily 
and strong giant trees of the oak are sc infrefiuent, as com- 
pared with the whole number, that we stop to admire them. 

358. Originally, plants probably w(Te aauaiicy as ani nals 
were. Much of the eartli was sea. Many ifiaiits are now 
aquatic, and the larger number of these — as algae and their 
kin — belong to the lower or older forms of plant life. Many 
plants of higher organization, however, as the water-lilies, 
have taken to aquatic life. True aquatic plants are those 
that always live in water, and that die when the water dries 
up. They are to be distinguished from those that live on 
shores or in swamps. Aquatic plants may be wholly ?‘m- 
mersed or under water, or partly emersed or standing above the 
water. Most flowering aquatic plants come to the surface 
to expand their flowers or to ripen their fruits. Some aquatic 
plants are free-swimming ^ or not attached to the bottom. 
Of this kind are some utricularias or bladder-worts. In some 
waters, particularly in the ocean, there are enormous quanti- 
ties of free-swimming microscopic life, both animal and 
vegetable, which is carried about by currents: this is known 


under the general 
name of plankton 
(Greek for ^ Pander- 
ing^' or ^ ^roaming"). 

359. The general 
tendency has been 
for plants to become 
terrestrial, or land-in- 
habiting. Terrestrial 
plants often grow in 
wet places, but never 



373. The lichen grows on the hard rook. 


in water throughout their entire life; of such are swamp, bog 


and marsh plants. Some plants have the ability to grow 



208 


WHERE PLANTS GROW 


in standing water when young and to become terrestrial 
as the water dries up. Such are amphibious. Some 
buttercups are examples; mermaid-weed (Proserpinaca) is 
another. 

360, Some plants grow in very special soils or special 
localities, and consequently are infrequent or are confined 
to certain well-marked geographical regions. (Fig. 371.) 



374. Sphagnum bog, groen and living on top, but dead and dying underneath. 
Sphagnum moss is used by nurserymen and florists as packing material for plants. 


Common plants are those that are able to accommodate 
themselves to widely different environments. Weeds are 
examples. Many plants have become so specialized in habitat 
as to be parasitic, saprophytic or epiphytic. (Chap. XV.) 

361. Common plants often grow in most unusual and 
difficult places. Note that some weeds grow not only in 
fields, but often gain a foothold in chinks in logs, on rot- 
ting posts, in crotches of trees, on old straw stacks, in clefts 
and crannies of rocks. In moist climates, as in England, 
plants often grow on thatched roofs. 

362. Plants may be said to be seeking new places in 
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which to grow. Whenever ground is cloared of vegetation, 
plants again spring up. The farmer plows the meadow 
or pasture, and immediately a horae of w^eeds appears. 



375. The name landscape in winter and in .summei. 


Any breach or break in the earth^s surface makes room 
for a new group of plants. Note how the railway embank- 
ments and the newly graded roadsides take on a covering 
of vegetation. Observe the ragweed. Whenever soil is 
formed at the base of a cliff, plants at once secure a foothold. 
(Fig. 372.) 

363. Plants Aid in the Formation of Soil. — This they 
do in two ways: by breaking down the rock] by pansiiuj into 
earth when they decay. Even on the hardest rocks, lichcms 
and mosses may grow. (Fig. 373.) The rhizoids eat away 
the rock. A little soil is fornunl. Ferns and other plants gain 
a foothold. The crevices are entered and Widened. Slowly 
the root acids corrode the stone. Leaves and stems collect 
on the rock and decay. Water and frost lend their aid. As 
the centuries pass, the rock is eaten away and pulverized. 
Note the soil that collects on level rocks in woods where 
wdnd and rain do not remov^e the accumulations. 

364. In bogs and marshes and on prairies, the remains 
of plants form a deep black soil. In bogs the vegetable 
matter is partially preserved by the water, and it slowly 
becomes solidified into a partially decayed mass known as 

N 




210 


WHEBE PLANTS GKOW 


peat When dug out and dried, peat may be used as fuel. 
Finally it may decay and make a vegetable soil known as 
muck. When thoroughly decayed, plants become vege- 
table mold or humus. New plants grow on peat or muck, 
and the accumulations year by year tend to raise the level 
of the bog, and the surface finally becomes so high as 
to support plants of the high lands. An important agent 
in the formation of peat bogs is sphagnum moss. New 
moss grows on the old, and the bog becomes higher as 
time goes on. (Fig. 374.) 







w. 




376. A luiidscapc devoid of vegetation. Western United States. 


365. Plants Contribute to Scenery. — Aside from sky 
and air, natural scencTy depends chiefly on two things: the 
physical contour of the earth; the character of the vegeta- 
tion. Contrast the aspect of winter and summer scenes as 
expressed in vegf^tation. (Fig. 375.) Imagine any land- 
scape with which you are familiar to be devoid of plants. 
Compare Figs. 37G and 377. 

Review. — What is meant by environment? By habitat? Flora? 
What determines where plants shall grow? What is an aquatic plant? 
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Explain immersed, emersed, free-swimming. \Vhat is plankton? Ex- 
plain terrestrial. Amphibious. Why are some j>lants rare or local ^ 
Why are some plants common? Name som-' iinusual places in which 
you have seen plants growing. Give examples of Low ])laiits occupy 
the new places. How do plants aifl in the formation of soil? Explain 
what is meant by peat, muck, humus. How arc peat bogs formed? 
What relation have plants to scenery? 



377. A landscape with vegetation. Holland. 




CHAPTER XXIX 

CONTENTION WITH PHYSICAL ENVIRONMENT 

366. The Physical Environment. — We have seen (354) 
that the environmc^nt in which a plant grows is made up 
of two sets of factors — tlu^ physical environment of climate 
and soil, and the organic environment of competing animals 
and plants. 

367. Modifications to Climate in General. — Every par- 
ticular climate induces particular modifications in its plants. 
Then^ ixro. two genc^ral ways, however, in which plants are 
modificnl by climate^: modification in the length of the 
period of growth ; modification in stature. Any modification 
of the plant, visible or invisible, that enables it to grow in a 
climatic at first injurious to it, is acclimatization. 

368. In short-season climates, plants hasten their growth. 
They mature quickly. Indian corn may require five or six 
months in which to mature in warm countries, but only 

three months in very cold 
countries. Garden vegetables 
probably mature quicker 
from the time of planting in 
the North than in the South 

!<7S. CJormination of corn ^rown in when they arc' raised from 
New York (on the left) and in Alabama. i " • i i • 

seeds growm in their respec- 
tive localities. Some seedsmen think this to be true and 
they like to raise s(‘eds of early varieties in the North, for 
such seeds usually give 'Varly’^ plants. Many plants that 
are perennials in warm countries become annuals or plur^ 
annuals in cold countries (14). 

369. Plants are usually dwarf or smaller in stature in 

(‘:i2^ 
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short-season climates. Indian corn is a conspicuous ex- 
ample. As one ascends high mountains or travels in high 
latitudes, he finds the trees becoming smaller and smaller, 
until finally he pass(3s beyond the D^gious in which the t^ees 
can grow. Many of the Esquimaux doubt tlu^ statements 
of travelers that there are plants as high as a man. In these 
high altitudes and high latitudes, plants tend also to be- 
come prostrate. 

370. Plants 
are Influenced 
by Wind. — In 
regions of strong 
prevailing winds, 
as* on lake and 
sea shores and 
on hills and 
mountains, tree- 
tops develop un- 
symmetrically 
and are heaviest 
on the leeward 
side, (Figs. 379, 

380.) Observe 
.this fact in or- 
chards in windy 
regions, and note 
that the most unsymmetrical tr(;es are those on the exposed 
side of the plantation. 

371. Trees often lean away from the prevailing winds. 
The tips of the branches of exposed trees usually indicate 
whether there are strong prevailing winds. (Fig. 381.) 
Observe trees in pastures and along roadsides, particularly 
in high places and within a few miles of exposed shores. 
Note the tip-top spray of hemlock trees. 

372. Plants are Profoundly Influenced by Soil. — The 
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nutrient supply varies with the kind of soil ; and the supply 
determines to a large extent the character of the individual 
plant. On poor soils plants are small; on rich soils they are 
large. The difference between poor and good yields of wheat, 
or any other crop, is largely a question of soil-fertility. 
The farmer reinforces his poor soils by the addition of ferti- 
lizers, in order to make his plants vary into larger or more 
productive individuals. 



3S0. One-sided holly tree growing near the ocean. New Jersey. 


373. The moisture-content of the soil exerts a marked 
influence on plants. We have found (157) that a large 
part of the plant-substance is water. The water is not only 
itself food for plants, but it carries nutrients into the plant 
and transports them from tissue to tissue. However rich 
a soil may be in mineral nutrients, it is inert if it contains 
no moisture. The character of the plant is often determined 
more by the moisture in the soil than by all the other soil 
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materials. Note how rank the plants are in low places. 
Observe how the weeds grow about the barn where the 
soil is not only rich but where moisture is distributed from 
the eaves. Contrast with these instances the ouny plants 
that grow in dry places, in dry countries irrigation is 
employed to make ])lants grow vigorously ; or the moisture 
may be stored in the soil i>y means of tieep preparation and 
frequent surface 
tillage and other 
dry-farming meth- 
ods. In moist and 
rich soil plants 
may grow so fast 
and so tall as not 
to be able to with- 
stand the wind, as 
in Fig. 382. 

374. Plants are 
Influenced by the 
Exposure of the 
Place In Which 
They Grow. — The 
particular site or 
outlook is known 
as the exposure or 
aspect. The ex- 
posure, for example, 
may be southward, 
eastward, bleak, warm, cold. A favorable exposure for 
any plant is one that supplies the requisite warmth, room, 
sunlight, moisture and nutrients, and immunity from severe 
winds and other destructive agencies. Against the edge of 
a forest (Fig. 383) or at the base of a cliff, certain plants 
thrive unusually well. Note the plants of any kind grow- 
ing in different exposures : observe that they vary in stature, 



381. A tree that shows which way the wind blows. 
Oklahoma. 



382. “JLotiged” oata. On rich ground the grain ia often broken by wind and rain, 
the plants having grown so heavy as to be unable to support themselves. 



383. The flowering dogwood is seen at its best along the 
margins of the wood and in partially open places. 
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time of maturity, color of foliage arid Howers, productive- 
ness, size of leaves and flowers, longevity. 

Review. — Contrast jihysical and orgajiic iiuironnicnts. flow are 
plants modified by cJijnate? Delino aecliniatizal ion. Explain how time 
of maturity is influonct'd by elin ate. Ex}ilain how (dimati* influences 
stature. How do winds affect plants? How are plants influenced by 
soil? By soil moisture? Exposure? 

Observe two orthnn^ plants of any onv^ kind on your way to school, 
and note how they differ from each other in size, form, branching, 
color, earliness or latoncvss, pnKluctivencss and other characters: are 
you able to correlate these differences with the coriditions h which 
the plants grow? 



CHAPTER XXX 
COMPETITION WITH FELLOWS 

375. The Fact of Struggle for Existence. — We have 
seen (Chapter IX) that branches contend amongst them- 
selves for opportunity to live and grow. Similarly, separate 
'plants contend with each other. We shall observe that this 
is true; and we are compelled to believe it by considering 
the efforts that all plants make to propagate themselves. 
The earth is filled with plants. It is chiefly when plants 
die or are killed that places are made for others. Every one 
of these plants puts forth its utmost effort to prepetuate its 
kind. It produces seeds by the score or even by the thousand. 
In some cases it propagates also by means of vegetative 
parts. If the earth is full and if every plant endeavors to 
multiply its kind, there must be struggle for existence. 

376. The effects of struggle for existence are of three 
general categories: (1) the seed or spore may find no oppor-- 
tunity to grow] (2) sooner or later the plant may he killed] 
(3) the plant may van/, or take on new characters, in response 
to the conditions in which it grows. Consider the crop of 
seeds that any plant produces: how many geiUninate? 
How many of the young plants reach maturity? Note the 
profusion of seedlings under the maples and elms, and then 
consider how few maple and elm trees there are. Count the 
seeds on any plant and imagine that each one makes a plant : 
where will all these new plants find a place in which to grow? 

377. What Struggle for Existence Is. — Struggle for 
existence with fellows is competition for room or space, 
for nutrients and moisture in the soil, for light. We may con- 
sider examples in each of these three categories. 
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384. There is no opportunity for weeds in a ifood field of wheat. 



385. Divergence of character in a cornfield. 
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earth is filled 
with plants, 
there must be 
sharp competi- 
tion for every 
inch of its sur- 
face. If any 
good soil is not 
populated with 
plants, it is usu- 

386. The tree has appropriated the food and moisture, so ally bcCaUSe it 
that a large area remains bare of vegetation. , . , 

has recently 

been moved. If the farmer does not move or till his 
soil frequently, various plants get a foothold, and these 
plants he calls weeds. Determine how much room an apple 
tree, or other plant, occupies: then calculate how much 
space would be required for all the seedlings of that tree or 
plant. The greater the population of any area, the less chance 




387. IjOW shade-loving plants on the forest floor. 



UNLIKE PLANTS GROW TOGETHEIi 


221 


have other plants to gain a foothold. When the wheat com- 
pletely covers the ground, as in Fig. 384, there are no weeds 
to be seen. 

379. Plants of different form and habit may grow 
together, and thereby the area may support more plants 
than would be possibh^ if only one kind were growing on 
it. This principle has been called by Darwin the divergence 





388. A primeval pine forest. 

Along the roadway foreign vegetation has come in. Michigan. 

of character. When an area is occupied by one kind of 
plant, another kind may grow between or beneath. Only 
rarely do plants of close botanical relationship grow to- 
gether in compact communities. A field that is full of corn 
may grow pumpkins between. (Fig. 385.) A full meadow 
may grow white clover in the bottom. Herbs may grow 
on the forest floor. When an orchard can support no more 
trees, weeds may grow beneath. 
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380. We have learned that the plant may possess an ex- 
tensive root-system (25, 26). The plant that is first estab- 
lished appropriates the nutrients to itself, and newcomers 
find difficulty in gaining a foothold. Note the bare area near 



389. (^n the top of an evergreen forest. 


the large tree in Fig. 386. Recall how difficult it is to make 
plants grow when planted under trees. This is partly due 
to the intercepting of the rain by the tree-top, partly to shade, 
and partly to lack of available food and moisture in the soil, 
and perhaps partly to unknown factors. The farmer knows 
that he cannot hope to secure good crops near large trees, 
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even beyond the point at 
which the trees intercept 
the rain and light. It is 
difficult to establish new 
trees in the vacancies in an 
old orchard. 

381. In Chapter VIIT we 
studied the relation of the 
plant and its parts to sun- 
light. Plants also compete 
with each other for light. 

Plants climb to get to the 
light (Chapter XVIII). (Fig. 

77.) Some plants have be- 
come so modified as to 
grow in subdued or transmitted light, but no green plants 
can grow in darkness. The low plants in forests are shade- 
lovers. (Fig. 387.) Note the plants that seem to be shade- 
lovers and those that prefer full sunlight. Some plants 



390. The tell-tale pine. 



391. The forest rim. Looking toward the woods. 
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are so constituted as to 
grow well in both sun and 
shade. Most ferns are 
shade-lovers. 

382. In the midst of 
dense plant populations, 
each individual grows up- 
wards for sunlight. Thus 
are forests made : the com- 
peting trees become long 
slender boles with a mantle 
of foliage at the top. The 
side branches do not de- 
velop or they die for lack of 
light and food, and they fall 
from decay or are broken 
by storm; the wounds are 
healed, an‘d the bole becomes symmetrical and trim. Fig. 
388 shows the interior of a primeval pine forest. Note the 



392. The forest center. TiOokinpc from the 
woods, with th(! forcMl rim shown in 
Fig. 391 scon in the distance. 



393. The foliage bank of a tangle. 
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bare trunks and the sparse vegetation on the dim forest floor. 
Fig. 389 is the top of a great forest. With these pictures 
compare Figs. 79 and 80. Fig. 38i shows a deep wheat 
forest. A lone survivor of a primeval forest is shown in 
Fig. 390. In dense plantations, plants tend to grow to a 
single stem. When these same plants aro, giown in open 
or cultivated grounds, they often become bushy or develop 



394. View just inside the tangle. 


more than one trunk. In what places have you seen trees 
with more than one trunk? , 

383. On the margins of dense populations, each indi- ^ 
vidual grows outwards for sunlight. Note the dense forest 
rim: then plunge -through it, and stand by the tall bare 
trunks. Figs. 391, 392, show these two views of the same 
forest. . Note the kinds of trees and other plants that grow 
in areas similar to those depicted in these illustrations. 
Note the dense wall of foliage in Fig. 393, and the thin brushy 
area just behind it in Fig. 394. Observe the denser and greener 
foliage on the outside rows in thick orchards. Consider how 




395, A hydrophytic society. New York. 



396. A mesophytic society. Michigan. 
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the plants extend over the borders in dense flower-beds. Note 
where the best-foliaged plants are in the greenhouse. Notice 
the foliage on the outer rows in a very thick cornfield. Ob- 
serve how plants* nearest to buildings reach outward for the 
light and room. 

Review. — Why is there st»-uggle for existence? How does it affect 
plants? Tell what it is. How do plants compete for space? What 
is meant by the phrase “divergence of character?*^ Clive examples. 
How do plants compete for nutrients and water from the soil? In what 
respects have plants become moditied to the light relation? How do 
plants grow in dense plantations? On the niaigins of these planta- 
tions? You know some tree or other plant: describe how it is consti- 
tuted to compete with its fellows. 



CHAPTER XXXI 

PLANT SOCIETIES 

384. What Plant Societies Are. — In the long course 
of evoli^tion, in which plants have been accommodating 
themselves to the varying conditions in which they are 
obliged to grow, they have become modified to every 
different environment. Certain plants, therefore, may live 
together or near each other, all enjoying the same conditions 
and surroundings. These aggregations of plants adapted 
to similar conditions are known as plant societies, 

385. Moisture and temperature are the leading factors 
in determining plant societies. The great geographical 
societies or aggregations of the plant world are for con- 
venience associated chiefly with the moisture-supply. These 
are: (1) hydrophytic or wet-region societies, comprising 
aquatic and bog vegetation (Fig. 395); (2) xerophytic or 
arid-region societies, comprising dcvsert and much sand-region 
vegetation (Fig. 371); (3) 'tnesophyiic or mid-region societies, 
comprising the vegetation in intermediate conditions (Fig. 
396). Mesophytic vegetation is characteristic of most regions 
that are fitted for agriculture. The halophytic or salt-loving 
societies are also distinguished, comprising the seashore and 
salt-area vegetation. Much of the characteristic scenery of 
any place is due to its plant societies (365). Xerophytic 
plants usually have small and hard leaves, apparently to 
prevent too rapid transpiration. Usually, . also, they are 
characterized by stiff growth, hairy covering, spines, or a 
much-contracted plant-body, and often by large under- 
ground parts for the storage of water. Halophytic plants 
are often fleshy. 


( 228 ) 
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386. Plant societies may also be distinguished with refer- 
ence to latitude and temperature, "rhere aio tropical socie- 
ties, temperate-regum societies, boreal or cold-region societies. 
With reference to altitude, societies might be classified as 



397. A society of sand-<lune plants. New Jersey. 


lowland (which are (ihiefly hydrophytic), intermediate (chiefly 
mesophytic), subalpine or mid-mountain (whith are chiefly 
boreal), alpine or high-mountain. 

387. The above classifications have reference chiefly to 
great geographical floras or societies. But tiiere are societies 
within societies. There are small societies coming within 
the experience of every person who has ever seen plants 
growing in natural conditions. There are roadside, fence- 
row, lawn, thicket, pasture, dune (Fig. 397), woods, cliff, 
bam-yard, corn-field societies. Every different place has its 
characteristic vegetation. Note the smaller societies in Figs. 
395 and 396. In the former is a water-lily society and a 
cat-tail society. In the latter there are grass and bush and 
woods societies. 
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388. Some Details of Plant Societies. — Societies may be 
composed of scattered and intermingled plants, or of dense 
clumps or groups of plants. Dense clumps or groups are 
usually made up of one kind of plant, and they are then called 
colonies. Colonies of most plants are transient: after a short 
time other plants gain a foothold amongst them, and an 
intermingled society is the outcome. Marked exceptions to 
this are grass colonies and forest colonies, in which one kind 
of plant may hold its own for years and centuries. 



H98. The return to foreHt. Bushes and trees now begin to crowd. 


389. In a large newly cleared area, plants usually first 
establish themselves in dense colonies. Note the great patches 
of nettles, jewel-weeds, smart-weeds, clot-burs, and others in 
recently cleared but neglected swales, also the fire-weeds 
in recently burned areas, the rank weeds in the neglected 
garden, and the ragweeds and May-weeds along the recently 
worked highway. The competition amongst themselves 
and with their neighbors finally breaks up the colonies, and 
a mixed and intermingled flora is generally the result. 

390. In many parts of the world the general tendency 
of neglected areas is to run into forest. A large number of 
different plants begin growth in a cleared area. Here and 
there bushes gain a foothold. Young trees come up; in time 
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these shade the bushes and gain the mastery. Sometimes the 
area grows to poplars or birches, and people wonder why the 
original forest trees do not return; but these ^orest t/ees may 
be growing unobserved here and there in the tangle, and in 
the slow processes of time the poplars perish — for they are 
short-lived — and the original forest may be replaced. 
Whether one kind of forest or another returns wil^ depend 
largely on the kinds that are most seodful in that vicinity 
and which therefore, have sown themselves most profusely. 
Much depends, also, on the kind of undergrowth that first 
springs up, for some young trees can endure more or less 
shade than others. Fig. 398 shows an early stage in the 
return to forest. 


391. Pasturing and mowing tend to keep an area in grass. 
This is because the grass will thrive when the tops are 
repeatedly taken off, whereas trees will not. Note that the 
wild herbs and bushes and trees persist along the fences and 
about old buildings, where animals and mewing machines 
do not take them off, A sod society means grazing or mowing. 
Consider Figs. 110, 399, 400. The farmer keeps his wild 
pastures “clean’^ by turning in sheep: the sheep are fond of 


browsing. 

392. Some plants 
associate. They 
grow together. This 
is possible largely be- 
cause they diverge 
or differ in character 
(379). Plants associ- 
ate in two ways: by 
growing side by side; 
by growing above or 
beneath. In sparsely 
populated societies 
(as in Fig. 401) 
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plants may grow 
along side each 
other. In most 
cases, however, 
there is overgrowth 
and undergrowth : 
one kind grows 
beneath another. 
Plants that endure 
shade (381) arc 
usually under- 
growths. In a cat- 
tail swamj), grasses 
and other narrow- 
leaved plants grow 
in the l)ottom, but 
they are usually un- 
seen by the casual 
observer. Search 
the surface of the 
ground in any swale 
or meadow. Note the undergrowth in woods or under trees. 
(Fig. 402.) Observe that in pine and spruce forests there 
is almost no undergrowth, 
because conditions are not 
favorable. (Fig. 388.) 

393. On the same area 
the societies may differ at 
different times of the year. 

There are spring, sumfker 
and fall societies. The 
knoll that is cool with 
grass and strawberric^s in 
June may be aglow with 
other plants in September. 



401. An aquatic society in which several 
kinds of plants grow side by side. 



400. The farmer mows part of his roadside. 
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If the bank is examined in May, look for the young plants 
that are to cover it in July and OHober; ^f in September, 
find the dead stalks of the flora of May. What suc^ceeds 
the skunk cabbage, hepaticas, trilliums, phlox, violets, butter- 
cups of spring? 

What precedes the 
wild sunflowers, 
ragweed, asters, 
and goldenrod in 
fall? 

394. In lands 
that gradually rise 
from wet to dry, 
the societies may 
take the form of 
belts or zones. Start- 
ing at a shore, walk 
back into the high 
land; note the changes in the flora. Three zones are shown 
in Fig. 403. 

395. To a large extent, the color of the landscape is 
determined by the character of the plant societies. Ever- 
green societies remain green, but the shade of green varies 
from season to season ; it is bright and soft in spring, becomes 
dull in midsummer and fall, and often assumes a dull yel- 
low-green in winter. Deciduous societies vary remarkably 
in color — from the dull browns and grays of winter to the 
brown-greens and oliv(vgreens of spring, th(^ staid greens of 
summer, and the brilliant colors of autumn. 

396. The autumn colors are due to intermingled shades 
of green, yellow and red. The coloration varies with the 
kind of planfj^ the special location and the season. Even 
in the same species or kind, individual plants differ in color; 
and this individuality usually distinguishes th(^ plant year 
by year. That is, an oak that is maroon-red this autumn 
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is likely to exhibit that color every year. The autumn color 
is associated with the natural maturity and death of the 
leaf, but it is most brilliant in long and open falls — largely 
because the foliage ripens more gradually and persists longer 
in such seasons. It is probable that the autumn tints are 



403, Three society zones — bog, forest rim, 
forest. 


of no utility to the plant. 
The yellows seem to be 
due in part to the break- 
ing down and disorganiza- 
tion of the chlorophyll. 
Some of the intermediate 
shades are probably due 
to the unmasking or liber- 
ating of normal cell color- 
bodies which are covered 
with chlorophyll or ob- 
scured by it in the grow- 
ing season. The reds are 
due to changes in the color 
of the cell-sap, or to the 
unmasking of the red by 
the disintegration of the 
chlorophyll. Autumn 
colors are not caused by 
frost. Because of the long, 
dry falls and the great 
variety of plants, the 
autumnal color of the 


American landscape is phenomenal. 


397. Ecology. — The study of the relationships of plants 


and animals to each other and to seasons and environ- 


ments is known as ecology (still written cecology in some 
dictionaries). All the discussions in Part II of this book 
are really different phases of this subject. It considers 
the habits, habitats and modes of life of living things — 
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the places in which they grow, how thcj' migrate or are 
disseminated, means of collecting f*x d, their times and sea- 
sons of flowering, reproduction, and the like. 

Review. — ^What is a plant society? Why do plants grow in 
societies? Name societies that are determined chiefly b}" moisture. 
What societies arc most abundant where yf)U live? Name those de- 
termined by latitude and altitude. Name' sfune small or local societies. 
What are colonies? Wher<^ are they most marked^ Why do they 
tend finally to break up? How rre societies composed when colonies 
are not present? How dt.. forests arise on cleared areas? Wh t effect 
have pasturing and mowing? How do plants associate? What is 
undergrowth and overgrowth? Explain how societies ma> differ at 
different times of the year. Wh.at a’^e zonal or bedt societies? Discuss 
autumn colors. What is ecology? 

Note. — One of the best of all subjects for s^'hool instruction in 
botany is the study of plant societies. It adds definiteness and zest 
to excursions. Let one ex(airsion be confined to one or two societies. 
Visit one day a swamp, another day a foiest, another a pasture or 
meadow, another a roadside, another a weedy field, another a cliff 
or ravine. Visit shore's whenever possible. Eae;h pupil should be 
assigned a bit of ground — say 10 or 20 feet squares — for special study. 
He should make a list showing (1) how many kinds of plants it con- 
tains, (2) the relative abundance of eae;h. The lists secured in different 
regions should be compared. It does not matter if The pupil does not 
know all the plants. He may count the kinds without knowing the 
names. It is a good plan for the pupil to make a dried specimen of 
each kind for reference. The pupil should endeavor to discover why the 
plants grow as they do. Challenge every plant society. 



CHAPTER XXXII 

VARIATION AND ITS RESULTS 

398. The Fact of Variation. — No two plants are alike 
(16). It! size, form, color, weight, vigor, productiveness, 
season or other characters, they differ. The most usual form 
of any plant is considered to be its type, that is, its repre- 
sentative form. Any marked departure from this type is a 
variation, that is, a difference. 

399. The Kinds of Variations. — Variations are of many 
degrees. The differences, in any case, may be so slight as to 
pass unnoti(;ed, or they may be so marked as to challenge 
even the casual observer. If a red-flowered plant were to 
produce flowers in different shades of red, the variation 
might not attract attention; but if it were to produce 
white flowers, the variation would be marked. When- 
ever the variation is so inarkc‘d and so constant as to 

b(' worth naming and describ- 
ing, it is called a variety in 
descriptive botany. If the 
variation is of such charac- 
ter as to have value for cul- 
tivation, it is called an agri^ 
cultural or horticultural va- 
riety. There is no natural 
line of demarcation between 
those variations that chance 
to be named and described 
as varieties and those that do 
not. Varieties are only named 
variations. 

(236) 
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400. Variations may arise in three ways: (1) directly 
from seeds; (2) directly from buds; (3) by a slow change 
or a lack of development in the entire plant after it has begun 
to grow. 

401. Variations arising ^rom seeds are seed-variations; 
those that chance to be named and described are seed- 
varieties. Never does a seed exactly reproduce its parent; 
if it did, there would be two plants alike. Neither do any 
two seeds, even from the same fruit, ever produce plants 
exactly alike. Even though the seedlings resembl each 
other so closely that people say they are the same, never- 



theless they will be found to vary in size, number of leaves, 
shape, or other features. Study Figs. 404 and 405. 

402. Variations arising dinjctly from buds, ratht^r than 
from seeds, are hud-variations y and the*, mo&b marked of 
them may be described and named as bud-varieties. We 
have learned in Chapter V how the horticulturist propagates 
plants by means of buds: not e>ne of these buds will repro- 
duce exactly the plant from which it was taken. We have 
already discovered (17, 119) that no two branches are alike, 
and every branch springs from a bud. Bud- variation is 
usually less marked than seed-variation, however; yet now 
and then one branch on a plant may be so unlike every other 
branch that the horticulturist selects buds from it and 
endeavors to propagate it. * Weeping’^ or pendent branches 
sometimes appear on upright trees; nectarines sometimes 
are borne on one or more branches of a peach tree, and 
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peaches may be borne on nectarine trees; russet apples 
are sometimes borne on Greening apple trees; white roses 
are sometimes found on red-flowered plants. 

403. Frequently a. plant begins a new kind of varia- 
tion long after germination, even after it has become well 

established. It is on 
this fact that success- 
ful agriculture de- 
pends, for the farmer 
makes his plants 
better by giving them 
better nutrition and 
care: and betterment 
(like deterioration) is 
only a variation as 
compared with the 
average plant. Plants 
that start to all 
appearances equal 
may end unequal: 
some may be tall and 
vigorous, others may be weak, others may be dwarf: some 
will be worth harvesting and some will not. 

404. The Causes of Variations. — Variations are induced 
by several, and perhaps many, causes. One class of origin 
lies in the environment, and another lies in the tendencies 
derived from parents. Of the environmental causes of vari- 
ation, the chief is probably food-supply. Good agriculture 
consists largely in increasing the food-supply for plants — by 
giving each plant abundant room, keeping out competing 
plants, tilling the soil, adding fertilizers. (Fig. 406.) Another 
strong environmental factor is climate (Chapter XXIX). 
It is very difficult to determine the exact reasons for any 
variation. There is much difference of opinion respecting 
the causes of variation in general. The extent of variation 



406. Variation. — Big and little redroot pigweeds 
of the same kind. 
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apparently due to food-supply is illustrated in Fig. 406. The 
two weeds grew five teet apart, one in hair! soil by a walk, 
the other near a compost pile. They were of siniilar age. 
One weighed ^ oz. ; the other 4 J lbs., or 136 times as much. 

405. Heredity. — Marked variations tend to be perpet- 
uated. That is, immediate offspring are likely to retain 
some of the peculiarities of their parents. This passing over 
of characteristics from parent to offspring is heredity. 
By ‘‘selecting the best*’ for seed the farmer maintains and 
improves his crops. It is said that *‘like produces Mke.” 
This is true of the general or average features, but we have 
seen that the reproduction is not exact. It is truer to say that 
similar produces similar. Fig. 407 represents a marked 



407. The progeny of little and big plants. 

case of heredity of special characters. The plants on the 
right grew from a parent 24 in. high and 30 in. broad. Those 
on the left grew from one 12 in. high and 9 in. broad. (For 
a history of these parents see “Survival of the Unlike,” 
p. 261.) 

406. Selection. — There is intense struggle for existence: 
there is universal variation: those variations or kinds live 
that are best fitted to live under the particular conditions. 
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This persistence of the best-fitted and loss of the least- 
fitted is the process designated by Darwin's phrase ‘‘natural 
selection" and by Speixcer's “survival of the fittest." Natural 
selection is also known as Darwinism. 

407. By a similar process, the cultivator modifies his 
plants. He chooses the variations that please him, and from 
their offspring constantly selects for seed-bearing those 
that he considers to be the best. In time he has a new 
variety. Plant-breeding consists chiefly of two factors 
or processes; producing a variation in the desired direction; 
selecting, until the desired variety is secured. 

408. Evolution. — Variation, heredity, natural selection 
and other agencies bring about a gradual change in the 
plant kingdom; this change is evolution. The hypothesis 
that one form may give rise to another is now universally 
acce^pted amongst investigators; but wlu^ther the vegetable 
kingdom has all arisen from one starting point is unknown. 
Only a few of the general lines of the unfolding of the vege- 
table kingdom, with niimbcrk^ss details here and there, have 
been worked out. Not every form or land of plant can be 
expected ever to vary into another kind. Some kinds have 
nearly run their course, and are undergoing the age-long 
process of extinction. It is thought, however, that every 
kind of plant now living has been derived from some other 
kind. Evolution is still in progress. Variation and heredity 
are two of the most important facts in organic nature. 

Revip^w. — What is a variation? A variety? Agricultural vari- 
ety? How many variations arise? Explain ea(!h of the three categories. 
W'hat are some of the appariait causes of variation? What is heredity? 
Selection? W^hat are essentials in plant-breeding? What is evolution? 



CHAPrER XXXIII 

WEEDS 

409. Plants coiiipetf vrith each other. Tt happens that 
some of the c.ompetitors are specially useful to man, and 
he endeavors to pn^tect them; and in protecting "hem he 
destroys the plants that tend to crowd them out. Certain 
plants have the habit of occupying places that are desired 
for other uses. A vwed is a vlant that is not wanted. 

410. Weeds, therefore, are of two general classes: those 
that interfere with plants that man cultivates; those that 
inhabit unoccupied dnd waste places. Cer- 
tain kinds of plants are s]>e(;ially adapted 
to hold their own in such competition or to 
invade open places; and these jdants are 
particularly known as weeds. But any plant 
may be a weed, if it is out of place or is 
not wanted. June-grass is a weed in a corn- 
field, but not in a pasture or lawn. Dan- 
delion and purslane are commonly regarded 
as real weeds, yet tlu?}^ ar(‘ sometimes culti- 
vated for ‘‘greens,” and they then become 
a crop. When any crop is too thick, the 
weaker and useless plants interfere with the 
others and become weeds. Thus some of 
the corn plants may be weeds in a cornfield. 

If one were growing a forest of maples, 
other trees might be weed trees. 

411. The plants commonly known as 
weeds have the power to distribute them- 408 . Common white 
selves and to persist, otherwise they 

( 241 ) 
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would not be successful competitors or vagrants. Usually 
they are (1) suited to a wide range of conditions] (2) strongly 
tenacious of life; (3) have effective means of dissemination; 
(4) and they often have a life-cycle similar to that of some 
cultivated plant, and they therefore take the fortunes of that 
plant. As examples of these categories, we may recall the 
wide range of such plants as pigweeds (Fig. 408) and docks; 
the. tenacity and endurance of Canada thistles (Fig. 409) 
and quack-grass (Fig. 27); the way in which the burdock 


spreads its seeds; 
the fact that cockle 
(Fig. 181) ripens 
with the wheat, and 
the seeds pass 
through the separa- 
tor with the grain. 



409. Canada thistle. 



410. Wild carrot. 



411. Redroot pigweed, 
— ^Amarantus. 


412. Certain kinds of weeds follow certain crops or 
certain systems of farming. Dandelion (Figs. 8, 302), wild 
carrot (Figs. 194, 410) and whiteweed or daisy (Fig. 189) 
are essentially weeds of grass lands; purslane, pigweed, 
chickweed, redroot (Figs. 406, 407, 411), shepherd^s purse, 
are pests of gardens and tilled grounds; cockle, chess (Fig. 
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412), kinghead (an ambrosia), mustard or charlock (Fig. 413) 
are weeds of grain crops; dock, plantain, hound’s-tongne, 
burdock and catnip (Fig. 414) are weeds of bacK yards and 
by-ways; sorrel, mullein, evening prim- 
rose (Figs. 276, 415) are denizens o: old 
fields; ragweed (Fig. 416), mayweed 
(417), stiek-tight (Fig. 418), prickly 
lettuce (Fig. 86), sweet clover (Fig. 

184) and. Russian thistle (Fig. 113) are 
suited to roadsides and waste places. 



412. Chess or cheat. 


413. Charicek, a weed of 
grain fields and open 
places. 



414. Catnip, often a weed 
about old places. 


413. Some weeds come and go year by year; these are 
mostly weeds of tilled and raw ground, and usually annuals, 
as pigweeds of several kinds, pepper-grass, purslane, rag- 
weed, pigeon-grass, jimson weed (Fig. 275). Such weeds are 
avoided by the use of clean seedy 'preventing the weeds from 
ripening seedsy and taking care not to spread them in manure. 

414. Some weeds have a two-year cycky making a tuft 
or getting a foothold one year and ripening seed the follow- 
ing year. These are biennials, as mullein, burdock, bull 
thistle (Fig. 254), evening primrose, wild carrot, creeping 
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mallow or ''cheeses’* (Figs. 153, 149), teasel. These weeds 
may be mown when coming into bloom, or the plant may be 


spudded or cut off below the crown in fall, 
and care should be taken not to spread the 
seeds. 

415. Some weeds persist for a longer 
period, sometimes for many years. These 
are perennials, as docks and daisy. Many 
of them propagate by underground parts as 
well as by seeds, such as quack-grass, toad- 
flax (Fig. 227), Canada thistle, Johnson- 
grass, nut-grass or coco-grass, bindweed, 
hawkweed or paint-brush. In lawns and 
gardens, the roots may be dug out, or the 
plant cut below the ground with a spud; small 
patches or dumps may be smothered out by 
covering deeply with leaves or straw, or 
sometimes crowded out by securing a dense 
sod on the area. Thorough and clean cultiva^ 



415. Evening prim- 
rose in fruit. 



416. Ragweed. — ^Ambrosia. 


tion will destroy most 
kinds, but care should be 
taken not to carry the 
rootstocks to fresh ground 
on the plow or cultivator. 
Meadow and pasture seeds 
are liable to he carried with 
grass seed and with grain. 

416. The best treat- 
ment for weeds is to pre- 
vent or change the condi^ 
tions und-er * which they 
thrive, A good rotation of 
crops, cleaning up of waste 
places and putting them 
into crops or sod or tim- 
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ber, clean tillage; are essential to a clean, weedless farm. To 
these efforts should be added care to secure clean seed, and 
manure that is not weed-in- 
fested; and the farmer or gar- 
dener should be alert to recog- 
nize new weeds as soon as they 
invade the neighborhood and 
be prepared to meet them. 

417. On lawns, weeds may 
be lessened by the use of the 
cleanest grass seed, and of chern- 
ical fertilizers or only well- 
rotted or other clean manure. 

The grass seed should be sown 
very thick (3 to 5 bus. of blue grass to the acre) both to 
secure a soft dense* lawn and to crowd out weeds. Frequent 

mowing will destroy most an- 
nual weeds, and these weeds 
are usually most troublesome 
when the lawn is newly made. 
Dandelions and other peren- 
nials may be taken out with a 
spud or long, strong knife. In 
badly infested places, the area 
may nec'd to be dug over, and a 
new seeding made with clean 
seed and chemical fertilizer. 

418. Some weeds may be 
killed by poisons or herbicides. 
Sulfuric acid is sometimes 
poured on the crowns of plants 
in lawns. Salt is often used to 
kill grass and weeds in gutters 
and walks; carbolic acid and arsenical poisons are some- 
times used for the same purpose. Recipes are to be found 



422. Poison sumac, poison elder, a 
bush of swamps and low places. 
— Rhus venenata or R. Vemix. 
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m books and government publieafcons, and penodieals. 
Sprays of copper sulfate or iron s ilfatc arc sometimes used 



423. Poison oak, a trailinp; or climbing 
plant of the Pacific Coast. — Rbus 
diversiloba. 


for mustard and other field 
weeds. A 3 per cent solution 
of copper sulfate (aboi t 10 lb. 
to 40 gal. water) at the rate of 
4(^ to 50 gallons an acre dc'- 
stroys wild aiustart^ without 
injuring peas or cereals with 
which the wi^ed ma;v be grow- 
ing. There are special herbi- 
cides about which information 
can be secured from the ex- 
periment stations. These her- 
bicides are poisonous^ and 
must be used with caution and 


only by those who are reliable and who understand them. 


419. Poisonous Plants. — Many plants produce ill effects 


on live stock and human beings 
when eaten; and some are in- 
jurious to the touch. Some 
plants produce such marked 
results, leading even to death, 
that they arc known as poison- 
ous plants. Some of tla^ mush- 
rooms are examples, two of which 
are shown in the illustrations 
(Figs. 419, 420), (wild mush- 
rooms should never be eaten ex- 
cept on the advice of someone 
who knows the different species). 
Many plants of the parsley 
family (Umbelliferae) are poison- 



ous; the poison hemlock and the water hemlock or mus- 


quash-root are deadly when eaten. The poison ivy is shown 
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in Fig. 421, poison sumac in Fig. 422, and poison oak of the 
Pacific coast in Fig. 423 ; these are poisonous to the touch. 

The handsome red berries of the bittersweet 
(Solanum Dulcamara, Fig. 424) are poisonous 
if eaten; and it has poisonous relatives. 



425. Magnifier. 


Review. — Explain your understanding of a weed. 
How may we classify weeds? What are the com- 
monest kinds of weeds in your locality? What enables a plant to be an 
habitual weed? Name some of the weed groups or associations. Name 
the ways in which weeds may be (x>ntrolled or eradicated on farms. On 
lawns. What would you recommend to be done with weedy roadsides? 
Are there laws in your state for the control of weeds? Are there 
village or city ordinan(^cs on the subject where you live? What is 
an herbicide? Name the poisonous plants that you know, or of which 
you have heard. 


Note. — Every class studying plants should learn the usual weeds 
of the neighborhood, and should make herbarium specimens of them. 
Discussions should be had of the weeds infesting the local crops, and 
the reasons for them. The school should have a collection of weed 
weeds in bottles, and it should study commercial samples of grain and 
grass seeds. The U. S. Department of Agriculture and perhaps the 
State Experiment Station may have bulletins to aid in such examina- 
tion. If the school is to indentify weed seeds in such samples, it should 
also have a collection in bottles of the leading grains, grass seeds and 
field seeds. A small lens or magnifier is needed for this examination, as 
shown in Fig. 425, or in Figs. 214, 216. 

Many plants are poisonous to a greater or less degree. No one should 
cat of any j)lant or fruit or root that he does not know to be safe. 
Some plant families are known for poisonous qualities: as Solanaceie, of 
which the common black nightshade (Solanum nigrum) and others are 
examples; Umbclliftjrie, with the hemlock herbs, water parsnip, and 
others; Ranunculacea), with the aconites or monkshoods; and other 
families. Fatalities are frc»quently reported from eating the thick roots 
of certain Umbellifera). There are useful government publications on 
poisonous plants. 



CHAPTER X?^XIV 

CROPS 

420. Plants that an* ^i;rown by man for his uses constitute 
a crop. The t(*nri is <5oinmr>niy used for the i)roduct of a 
field, but is just as aj>plicable to the pnvjucd of a planted or 
managed forest or of a garden or a greenhouse. Thus we may 
speak of a crop of wheat, of .ye, of hemp, of pine timber, of 
celery, of roses 
or violets, of 
mushrooms. 

421. Crops 
may be distin- 
guished into four 
groups: (1) those 
grown for human 
food or medicine 
or condiments, 
as rice, potatoes, 
strawberries; (2) 
those grown to 
provide materials 
for shelter and 
clothing, and for 
use in the manu- 
facturing arts, as 
timber, cotton, 
flax, rubber; (3) those grown to satisfy the artistic impulses, 
as roses; (4) those grown ior food of domestic animals, as grass 
and clover. Another division, and one followed in a general 
way in colleges of agriculture, is into field crops and horti- 
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cultural crops; and the horticultural crops include fruit crops 
(pomology), vegetable-gardening crops (vegetable-gardening 
or olericulture), flower- and ornament-crops (floriculture). 

422. We may group crops also as follows into more par- 
ticular divisions: forage and fodder crops; cereal grains; 

plants; dye-stuff 
plants; bever- 
age-producing 
plants; stimu- 
lants; aromatic 
and medicinal 
plants; perfum- 
ery plants; fruit 
crops; vegetable- 
garden crops; 
timber crops; 
manuring crops. 
Some crops fall 
under more than 
one division, de- 
pending on the 
purposes for 
which they are 
grown, as oats, 
beets, peas, sor- 
ghum, maize or Indian com, flax: explain why. Sometimes 
two plants are grown together purposely, as shown in Fig. 
426, and also in Fig. 427. 

423. Many of the crops may be assembled, on the basis 
of their botanical affinities, into the families to which they 
belong: Grass-family crops, all cereal grains as well as the 
meadow and pasture grasses, as wheat (Fig. 384), rye, barley, 
oats (Fig. 382), rice, maize (Fig. 427), sorghum (Fig. 20), kafir, 
broom-corn (Fig. 429), millets of several kinds, sugar-cane 
(Fig, 428) ; leguminous or pulse crops, beans and peas of all 


root-crops; fiber-crops; sugar plants; oil 



427. A crop of Indian Com. 
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kinds, cowpea, peanut or goober, alfalfa, clovers, sweet 
clover, lespedeza, vetch; cruciferous or mustard-family crops, 
mustard, cabbage, kale, rape, turnip, rutabaga, kohlrabi; rose- 
family crops, rose, apT)le, pear, plum, peach, almond, apricot, 
cherry, quince, strawberry, biackbel-ry, raspberry midlar, 
loquat ; c ucurbi tous 
crops, pumpkin, 
squash, melon, water- 
melon, cucumber, 
gherkin, gourds; 
solanaceous crops, 
potato, tomato, to- 
bacco. Some of the 
important crops be- 
long to families that 
do not yield other 
leading cultivated 
species, as buck- 
wheat to the knot- 
weed family, (Cotton 
to the mallow family, 
flax to the flax family, 
hemp and hops to 
the nettle family, 
sugar-beet and other 
beets to the goose- 
foot family. 

424. How to Study a Crop. — Ev(Ty botany class should 
know the leading crops of its vicinity and region^ including 
the grasses, the grains, the most important fruits and vege- 
tables, and any special crops that may be grown in the locality. 
This knowledge may be derived from the experience of the 
members of the class, from inquiries made of farmers and 
from census figures. Having learned the kinds of crops and 
their relative importance in the region, the class should 
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try to determine why they are important there, and should 
then gather information as to their importance in other 
regions and where they are grown with the greatest success. 
Then may follow such details as tlie rotation or farm-plan 
in which these crops find a place, the times and methods of 
sowing, the fertilizers used, the methods of tilling, harvest- 
ing and marketing; and then inquire as to any special 
difficulties in the way of insects or plant diseases. The cost 



429. A crop of broom-coni. 


of growing tlu' crop, the usual prices and the jdelds should 
always be detfTinined as nearly as possible. 

425. How to Study a Crop Plant. — W(‘ have been directed 
in this book to some of the important things to look for in a 
plant, from root to fruit; and our attention has been called 
to some of the relations of plants when they live together. 
These observations may be made on cultivated plants 
with as much interest as on m\d plants. The cultivator of 
plants should develop the habit of careful observation on 
individual plants that he cultivates; this observation should 
aid him in discovering the reasons for failure or success in 
the growing of plants. The student should go directly to the 
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plant Examine the plant where it stands - -height, spread, 
color, mode of branching and any sp'^cial pocTiliarities: make 



430. Harvesting a peanut crop. 

a sketch. Colle(;t the plant, root and all, — character of root 
as to depth and spread, mode of branching, nodules (if a 
legume), and other features: make sketch. The specimen 
may now be taken to tlie schoolroom or other laboratory, 
and studied as to direction and size of sU'in, features of 
nodes, character of bark or rind, position of branches and 
leaves and flowers, characters of leaves and flowers and fruits, 
how pollinated, yield, whether it bears any t'vidence of dis- 
ease or insect injury or lack of normal vigor, whether it 
has suffered in contest with its fellows or with other plants; 
make notes and sketches. 

426. Plants or plant products are sometimes judged by 
comparing them 
with an assumed 
or ideal standard 
of perfection. 

These standards 
may be printed in 
form for ready 
use, and they are- 

then known as 4 ^ 1 . a crop of nursery trees. Year-old peach trees. 
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score-cards, A few useful score-cards of common cultivated 
plants are as follows: 


Plum. Points 

Form 10 

Size 25 

Color 15 

Uniformity of fruits 25 

Freedom from blemish 25 

100 

Apple. 

Size 10 

Color 20 

Good shape or fonn 10 

Uniformity 15 

Freedom from blemish 20 

Texture and flavor 25 

100 

Sweet Pea. 

Length of stem 25 

Color 20 

Size 25 

Substance 15 


Number of flowtTs on stem. 15 
100 


Wheat (grain). 

Trueness to variety 10 

Uniformity in siz(* and shape 

of kernel 10 

Color of grain 10 

Freedom from mixture 15 

Size of kernel 10 


Percentage and nat ure of im- 
purities (weed sec'd, dirt) . 15 
Percentage of damaged, 
smutty or musty kernels . 5 


Weight of grain per bus. ... 10 
Germination test 15 


100 


P OtatO. Points • 

Uniformity of sample 20 

Symmetry of tubers 15 

Trueness to type 20 

Freedom from disease and 

insects 15 

Commercial value 30 

100 

Corn. 

Adaptability to purpose. ... 25 
Seed condition, as to whether 

frash, well kept, etc 15 

Shape of kernel 15 

Uniformity and trueness to 

type 15 

Weight of car 10 

Length and proportion of 

ear 10 

Color of grain and cob 5 

Butts and tips covered. ... 5 


100 

Determine in advance what 
weight anil proportion of ear is to 
be assumed for the variety under 
examination. 


Carnation. 

Color 25 

Size 20 

Calyx 5 

Stem 20 

Substani^e or texture of 

flower 10 

Form 15 

Fragrance 5 


100 
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The ^ ^points' ^ in the score-card represent the ma^'k of 
perfection: if the size of the carnation tiower is normal f(;r 
the variety under examination, ilu) partic tdar specimen will 
be marked 20; if it should receive a rating of only 75 per 
cent perfect, it receives 15 points. In any large bunch of 
carnations, one plant may be taken to represent perfection 
in one feature and another plant tor anoiher feature; or, 
better, if an exf)ert (tarnation-grower is available he may set 
the ideal of perfection. The pupil may make up his own 
ideal as to what the p^^rfect plant or product should be. 

427. The Vegetation Environment. — The botany class 
should take part in a harvest festival, in which the plant 
products of the community are exhibited, together with the 
wild plants in the form of leaves, flowers, nuts and other 
interesting parts. Members of the class should explain 
what the products and the plants mean. 

428. The class should also know the most important 
vegetation of the vicinity, and should arrange excursions for 
the school or classroom to close-by places in order to ex- 
plain the vegetation setting of the school; and if possible a 
crop excursion for the entire school should be undertaken. 

Review. — What is a crop? Name the six most important crops 
of your neighborhood. How may crops be classified or grouped? Give 
two examples in each group. What natural families contribute very 
important crops in temperate rc'gions? Outline a study blank for the 
general study of the most imjiortant crop in the locality. Make a 
similar outline for a study of the plant itself. What is a score-card 
and how it is used? What may an exhibition teach? An excuision? 

Note. — Various texts and bullelins now set forth the standards 
of perfection in many of the leading <Top products, and give the student 
definite statements of what is considered to be the product that should 
score 100. 



CHAPTER XXXV 

THE FOREST 

429. An area of trees growing close together and having 
its own features and its own life is a forest. An avenue of 
trees, or a grove of shade trees, is not a forest. The science 
and the practice of growing and utilizing forests is forestry. 
A forest is a great plant society. 

430. Forest trees constitute a crop. The chief product 
is timber; other products arc stove-wood, bark, resin, tur- 
pentine, rubber, 
paper pulp. The 
(Top is regularly 
harvested, in 
some cases by 
removing the 
entire forest and 
planting anew, 
but often, in 
planted and 
managed forests, 
by removing 
the mature or 

ripe trees and allowing the forest to continue. 

431. The value of the forest crop depends on the kinds 
of trees, how they are mixed or associated in the forest, and 
the distance at which they stand apart, as well as on location 
and soil and climate, freedom from insects and timber dis- 
eases, and other factors. A natural forest may not be the 
most productive forest, any more than a natural or wild 
meadow may be a perfect meadow. There are likely to be 
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432. A stand of younp; timber in need of thinning. 


SlLVICULrUKE AND ARBORICTtlTURE 


257 


open and poor spots, and many of the trees may be weed 
trees of no value in themseKes and interfering with the 
growth of useful trees. Some natural fore sts (as that shovTi 
in Fig. 388) present a uniform and continuous stand of 
timber of one kind; others (as in Fig. 387) are mixed mrests. 
Both kinds may be useful and desirable. 

432. Trees standing alone or on th(^ edge of a forest do not 
produce good timber because they branch too low and are 
likely to be too much exposed to wind. They produce 
short and knotty logs. (Fig. 400.) It is essential ^hat the 
forest be thickly 
and continu- 
ously planted. 

433. Forests 
may be planted 
anew; or nat- 
ural forests may 
be perpetuated 
by removal of 
ripe and unde- 
sirable trees and 
the in-planting 
or saving of 
other trees. The 
planting and rearing of trees in forests is silviculture. The 
planting and rearing of tr(»es in general is arboriculture^ 
and this may have no direct relation to forestry, because the 
planting may be of lawn trees, park trees, roadside trees or 
fruit trees. Silviculture is one part of forestry; other parts 
or divisions are forest management, harvesting, marketing, 
timber technology. The safeguarding and utilization of the 
forests, both on public and private lands, is one of the great 
public questions, and demands the attention of persons of 
special training and skill. 

434. Forestry is an important farming question, for the 
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forest crop may be as important as other crops on the farm. 
In hilly regions, practically all farms have forests, yielding 
timber, posts, firewood and other supplies, and protect- 
ing lands from washing, affording windbreaks, and providing 
good use for lands that cannot be profitably devoted to 


other crops. 
There are many 
planted wood- 
lots in the West. 
The manage- 
ment of these 
small forests is 
called farm for- 
estry, Every 
good general 
farmer should 
be skillful in 
the growing of 
forest crops as 
in the growing 
of grain crops 
or fruit crops. 
The principles 
of good plant- 
growing may be 
applied to the 
forest, the trees 



being planted, 


434. Absolute forest land, — unadaptable to other uses. 


cared for, the forest thinned if too thick (Figs. 432, 433) 
or filled if too thin, fire kept out, and the trees properly 
harvested. 


435. What small forests contribute to the farm, the larger 
public forests contribute to the nation or to all the people: 
profitable utilization of remote, rocky and less fertile areas; the 
holding hack of the rainfall so that floods and serious erosions 
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are prevented and the flow of rwvigahte streams regvhted; 
protection of wild life; tenopetiiig of physical conditivms 
by regulation 
of water -flow in 
streams and lakes 
and elsewhere 
and by chec^king 
the sw'eep of 
winds; ])roviding 
an attractive 
cover for large 
areas of the sur- 
face of the earth, 
in which the 
people may find 
recreation and 
help. Areas that 
can be utilized for no other crop than forest are said to be 
absolute forest land (Figs. 434, 435); and much land that is 
availa])le to some extent for pasture or other croppage 
may still be most profitable in forests. (Fig. 436.) Very 

special forests 
(Fig. 437) may 
be grown on 
arable lands. 
In the general 
scheme or plan 
of a farm, a 
forest or wood- 
lot may be an 
essential part; 
and likewise, in 
a national 
domain large 
forest areas are 



436. Land that may be profitably used for forestry purposes. 
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essential. Even with the greater use of cement, the demand 
for timber will increase. 

Review. — What is a forest? Forestry? In what sense is a forest 
a crop? On what general factors does the value of a forest crop depend? 
Name some of the forest products. How may man produce a more 
profitable forest than nature often does? What do you say about the 
timber value of trees standing alone? What is aboriculture? Silvi- 
culture? Farm forestry? What are some of the large values or benefits 
of forests? What is the nature of the forests in your neighborhood? 
What kinds of trees dominate them? 



437. A forest of paper bamboo. 
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CHAPIER XXXVI 

THE CELL 

436. Plants Composed of Cells. — All the higher plants 
are made up of a large number of small structuies termed 
cpUs. They are so minute that, in most cases, they are 
invisible to the naked eye. These coils are box-like structures. 
Th(\y are of many forms. Many of the lower forms of plants, 
as bacteria, yeasts, spores of fungi, and many of the algae, 
are composed of but a single cell. 

437. Cells are of Many Forms. — In general, plant cells 
may be assigned to some one of the following forms: 

Spherical^ as in protococcus (a minute alga to be found 
on damp walls and rocks), and apple flesh; 

polyhedral^ or many-sided, as in i)ith of eldt>r; 

tabular, or hat, as in epidermis of lcav(\s; 

cylindrical, as in vaucheria, spirogyra (fresh water algae); 

fibrom, as cotton fibers; 

vascular, as the ducts of wood; 

stellate, as in the interior of leaves of lathyrus (sweet 
pea) and othe^r i)]ants. 

438. Parts of a Cell. — The typical cell is composed of 
living and dead matter. The living matter of the cell is the 
protoplasm. The protoplasm is differentiated into a nucleus, 
cytoplasm and plastids. 

439. The nucleus is usually a round or elliptical body, 
denser than the remainder of the protoplasm, in which it may 
be imbedded or from which it may be suspended by strands 
of protoplasm called cytoplasm. The cytoplasm lines the wall 
of every living cell, and commonly in old cells the nucleus 
is in this layer of cytoplasm. In the cell may be aggregates 
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of protoplasm forming definite structures, usually scattered 
in the layer of cytoplasm. They are the plastids. The ones 
most familiar are the chloroplasts, in which the green pig- 
ment chlorophyll is imbedded. They are found in cells of 
leaves and stems exposed to the light. Plastids are not found 
in all cells. The dead part of the cell is the cell-wall, the cell- 
sap stored in chambers or pockets in the protoplasm called 
vacuoles (Fig. 438), and various inclusions. The cell-sap 
contains mineral nutrients in solution or suspension, as well 



438. Circulation of pro- 


as organic foods, as sugar and other sub- 
stances. Imbedded in the cytoplasm or in 
the plastids may be starch grains, oil 
droplets and other substances. In the 
nucleus is a densely granular body called 
the nucleolus. 

440. Study of Cell. — Examine with the 
aid of the microscope the cells in the sta- 
men hair of tradescantia or spider-wort. 
(Fig. 438.) If the flowers of this plant are 
not available, use the young bristle hairs 
of squash plants; a plant a few weeks old 
will supply sufficient hairs. Note the shape 
of the cell and the contents. The nucleus 
will probably be located near the middle 
of the cell, and to it run the strands of 
cytoplasm. The protoplasm is not entirely 
homogeneous. It is composed of a viscous, 
colorless fluid in which are imbedded many 
minute granules. In a young cell the pro- 
toplasm fills almost the entire cell. In an 
old cell the vacuoles are of increased size. 
Compare old and young cells in the stamen 


topiasm in aceii of a ^^irs of tradoscantia or in squash hairs for 

stamen hair of trade- . ^ 

soantia or spider- their protoplasmic couteut. Examine the 

wort. Magnified 600 .. r xi_ ’j • r x 

times. cells of the epidermis of the onion. Note 
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the large volume of the cell occupied by the vacuoles. I’he 
protoplasm in this case mil consifci- probably only of the 
lining layer of cytoplasm in which the nuchas is imbedded. 
Examine the leaf of the water plant elodea or the thin 
leaves of some of the inf‘sses. Note the character of c.iloro- 
plasts in the cells fFlg. 430). These ;*hloroplasts may 
be observ(^d in tlie cells of the leaf of higher plants if a 
cross-section of the leaf is cut and a microscopical examina- 
tion made. Study should be made of cells of the soft pulp of 
a celery stem; of hairs scraped from the ciurface of a begonia 
leaf; of threads of spirogyra; soft, white cells of apple; the 




W/ 




439. Rotation of protoplasm in Elodea caiiMdensis (often known as 
Anacharis). Common in ponds. 


cells of the potato tuber (observe the starch grains). Ex- 
amine the lower epidermal cells of cyclamen, irises, or coleus 
and note that the cell-sap is colored by a red pigment. 
The beet also has cells with red pigmented cell-sap. 

441. Nature of Protoplasm. — The living substance is 
protoplasm. It is proteid. Its chemical composition is not 
known. It is semi-liquid, of hyaliiK' color, and colloidal in 
nature. It may be killed by heating to a iiigh temperature 
or by various chcmi(!al reagents. The whole principle of 
antiseptics is based on these facts and processes. 

442. Within the cell-wall, at times the protoplasm 
shows a tendency to move from place to place. This move- 
ment is chiefly of two kinds: (1) Circulation^ or movement 
not only along the walls but also across the cell-body, as seen 
in the long, thin-walled cells of celandine; in the staminal 
hairs of tradescantia (Fig. 438); in the bristles of squash 
vines; in the stinging hairs of nettle; in stellate hairs of holly- 
hock. (2) Rotation^ or movement along the walls only, well 
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seen in the cells of many water plants, as elodea (Fig. 439), 
chara, and nitella. 

443. Besides these and other movements of protoplasm 
within the cell-wall, there are also movements of naked 
protoplasm, of two main t5rpes: (1) Amceboid or creeping 
movements, such as may be seen in a plasmodium of myxomy- 
cetes, or in an amoeba. (2) Swimming by means of cilia or 
flagella, illustrated in the swarm-spores of water fungi, and 
of some algae. By the latter type of movement the unicellular 
bodies (swarm-spores) are often moved very rapidly. To 
see movement in protoplasm, carefully mount in water a 
few hairs from the stamens of tradescantia (spider-wort). 
The water should not be too cold, h^xaminc with a power 
high enough to sec the granules of protoplasm. Mak^' a 
sketch of several cells and their contents. It may be neces- 
sary to make several trials before success is attained in 
this experiment. If the microscope is cold, heat the stage 
gently with an alcohol lamp, or by other means; or warm 
the room. See Fig. 438. 

444. Nature of Cell-wall. — ^The cell-wall of very young 
cells is a delicate film or membrane. As a cell grows in 
size the wall remains thin and does not begin to thicken 
until the cell has ceased to enlarge. The fundamental sub- 
stance of cell-walls is a carbohydrate known as cellulose. 



The cellulose usually stains blue with 
hematoxylin. Often by incrustations or de- 
posits of one kind or another, the cellulose 
reaction is lost or obscured. Two of the 
most common additions are lignin, forming 


440. Bordered pits in 
pine wood. 


wood, and suherin, forming cork. The walls 
then are said to be lignified or suberized. 


445. In all the cells studied in the above experiments. 


the walls are "thin and soft. In general, those cells that 


have thin walls are called parenchymatous cells. Some 


cells, as those of nuts and the grit of pear fruit, have very 
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441. Markings in cell- 
walls. sp, Hp-rei; an, 
annular; sc, scalari- 
form. 


thick walls, and arc called sclerenchywufom cejls. In mapy 
cases the cell-walls are intermediate "netweea these extremes. 

446. Cell-walls often thicken by additions to their 
inner surface. This increase in thickness seldom takes 
place uniformly in ail parts. Many times the wall reriains 
thin at certain places, v. hile the most of the wall becomes 
very thick. Again the walls may thicken 
v(‘ry much in angles or along certain 
lines, while most of the wall remains 
thin. As a result of Luis uneven thicken- 
ing, the walls of cells take on certain 
definite markings. Some of the names 
applied to these markings are: 

Pitted, with little holes or depres- 
sions, forming very thin places, as 
seen in seeds of sunflower, and in the large vessels in 
the stem of the (‘-ucumber. 

Bordered pits, when the pits are inclosed in the cell-wall, 
as in wood of ])in(^s and other conifers. (Fig. 440.) 

Spiral, with the thickening in a spiral band, as in the 
primary wood of most woody plants and in the veins of 
leaves. (Fig. 441.) 

Annular, with thickening in the form of rings; seen 

in the small vessels 
of the bundles in 
stem of Indian corn. 
(Fig. 441.) 

Scalariform, with 
elongated thin 
places in the wall, 
alternating with the 
thick ridges which 
appear like the rounds of a ladder. (Fig. 441.) These 
are well shown in a longitudinal section of the root of 
the brake fern (Pteris). 



442. Four steps in process of ccll-divi.sion. Mother 
cell at left, fai advanced in division; daughter 
cells at right. 
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447. While a true cell must have cytoplasm and a nucleus, 
the word cell is applied to the unit structures that make up 
the plant body. Many of these cells are dead. The wood of 
trees consists largely of dead wood. The pith of stems also 
may consist largely of dead cells. The cells of bark are largely 
dead cells. 

448. Multiplication of Cells. — Every cell owes its origin 
to some previous cell, and all go back eventually to the germ- 



443. Nuclear and cell division in the root of corn; cell with prominent resting nucleus 
(tt) : prophases of nuclear division, spirem ( 6 ) and chromosome (c) stages; bipolar 
spindle (d) ; early (e) and late (/) anaphases; telophases {g) and first evidence 
of cell-plate; location of cell-wall clearly defined (A). (After Curtis.) 

cells. The method whereby cells are produced is complex. 
The process is at first internal, and consists in the formation 
of definite aggregates of protoplasm derived from the nucleus, 
called chromosomes. In the course of the formation of these 
chromosomes, intricate changes occur in the cell nucleus 
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and cytoplasm. In the tiivision of the cell, equal numberfi 
of these chromosomes are found at m . equator. Half of these 
chromosomes then go to the opposite ooles of the cell and 
unite again to form at each pole a nucleus. A cell-wall is 
then laid down at the equator, and we have two cells m the 
place of one. Enlargement and further changes may go on 
in these two cells. The method of cell division by thi 3 complex 
means is known as mitosis or karyokinesis, T. is exceedingly 
(*/)mi)lex and too difficult for the beginner to follow or to 
comprehend. Some of the stages are given in Fig, **42. A 
more detailed representation of these changes is shown in 
Fig. 443. 

Review. — Of what is the plant composed? What Is the general 
nature of cells? Forms of cells? What part of the cell is dead matter? 
Living matter? Compare different cells studied. State your conception 
of protoplasm. State the divisions in the protoplasm. Name two kinds 
of movem(mt of protoj)lasm. What is the nature of the cell- wall? Its 
modifications? How do cells multiply? 



CHAPTER XXXVII 

CONTENTS AND PRODUCTS OF CELLS 

449. The Living Cell is a Laboratory. — In nearly all 
cells are found one . or more non-pro toplasmic substances 
produced by the plant. Some of these are very useful to 
the plant, and others seem to be waste or by-products. There 
is considerable division of labor among the cells of higher 
plants, one cell or group of cells producing one product, and 
another group of cells producing another product and func- 
tioning in a different way. We know that there is also 
division of labor among the different organs of a plant. 

450. Chlorophyll. — Cells may contain chlorophyll bodies 
if they are exposed to the sunlight. Chlorophyll is a green 
substance infiltrated in a protoplasmic ground-mass. It 
imparts color to all the green parts of the plant. Its pres- 
ence is absolutely necessary in all plants that secure their 
nourishment wholly or in part from the air and from mineral 
matter of soil. Review C^hapter XIY. Most parasites and 
saprophytes do not bear chlorophyll, but live on organic 
matter (Chapter XV). The oval bodies in the cell of Figs. 
468, 470, 471, are chloroplasts. 

451. The Cell Contents. — The products formed in plants 
are of varied character and exceedingly large in number. 
Of the more common and most abundant products are the 
following: 

' Grape (glucose or dextrose, with the chem- 
ical formula C 6 H 12 O 6 ). 

Sugars - Fruit (fructose or levulose C 6 H 12 O 6 ). 

Cane (saccharose C 12 H 22 O 11 ). 

. Malt (Maltose C 12 H 22 OH), 

( 370 ) 
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( starchy found in nj plant 
dextrin in various secf-^s. 
cellulose m datp seed. 
inulin in dahlia tubers. 

Fats and oils, as in flax seed, castor ])eaii, cotton seed, 
corn and other seeds. 

Muscus and mucilage, as in orchid roots, onions, quince 
sec^d, and other plants. 

Tannins, as in oak and hemlock bark, persimmon, and, 
in general, in ail plants that are astnngent to the taste. 
Glucosldes. Complex products which on digestion yield 
glucose sugar as one oi the products. Amygdalin of 
almond and p('ach nut, and indican of tlie indigo plant, 
which yields the indigo dyc', are examples. 

452. Some of the cell contents are alkaloids, complex nitro- 
genous products, of which the following may be mentioned: 
atropin, in belladonna. 
nicotin, in tobacco. 
emeiin, in ipecac root. 
cajfein, in coffee. 

Alkaloids ^ strychnin, in mix vomica. 

morphin, in Papaver somniferum (opium 

poppy). 

quinin, in cinchona or Peruvian bark 
tree. 

Resins, as in Coniferae. 

Gum-resins, Caout(4iouc, as in India-rubber plant. 

^ formic, as in stinging nettles. 
acetic, as in fermented cider. 
oxalic, mostly in form of calcium 
Vegetable acids s oxalate. 

malic, as in apple. 
citric, as in lemon. 

And many others. 
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453. Other cell contents are the proteids. There is a large 
number of different proteids. They are very complex organic 
products composed of carbon, oxygen, hydrogen, nitrogen, 
and in addition sometimes phosphorus and sulfur. The 
white of egg is a proteid. The protoplasm itself is a proteid. 

454. Of the various sugars in the cell, glucose or grape- 
sugar, so named because it is so abundant in grapes, is 
perhaps the most common in plants (179). It is probably 
the first carbohydrate formed in the plant, and the one 
from which all others are derived. It is also a product of 
the digestion of maltose, which in turn is derived from the 
conversion of starch in the plant. It is also one of the sugars 
formed from the digestion of cane sugar. It is very soluble 
and therefore is in a convenient form for transportation 
from one part of the plant to another. Corn syrup is glucose 
derived from starch of the com kernel. 

455. To test for glucose: Make a thick section of a bit of 
the edible part of a pear and place it in a bath of Fehling^s 
solution. After a few moments, boil the liquid containing 
the section for one or two minutes. It will turn to an orange 
color, showing a deposit of an oxid of copper and pc^rhaps 
a little copper in the metallic form. A thin section treated 
in like manner may be examined under the microscope, 
and the fine particles, precipitated from the solution by the 
sugar of the pear, may be clearly seen. Fructose and maltose, 
as well as other organic substances, give a similar reaction 
with Fehling's solution. In the case of fruits and other com- 
mon products, it may be assumed that precipitation of the 
oxid of copper is due to glucose or fructose. With barley 
malt, the precipitation of the copper oxid is due to maltose. 
Test various fruits by boiling them in water in a test-tube, 
and then determine whether sugar is present by adding 
Fehling^s solution to the extract and again heating. — Feh- 
ling^s solution is made by taking one part each of these three 
solutions and two parts of water: (1) Copper sulfate, 9 
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grams in 250 c.c. water; (2) sodium hydroxid, 30 grams in 
250 c.c. water; (3) Rochelle salts (sotlium potassium tartrate), 
43 grams in 250 c.c. 

456. Cane-sugar is stored as a reserve food in many 
plants. In the maple tree, sugar-beet, sorghum, and suga,r- 
cane, cane-sugar is abundant. Test the sugar-beet for glu- 
cose with Fehling’s solution. None is found. Boil a piece 
of sugar-beet in a little water in a test-tube. To the water 
first add a drop of hydrochloric acid. When cool add a 
pinch of sodium carbonate and Fehling^s solution, and again 
heat. A precipitate of oxid of copper is obtained. Cane- 
sugar heated in the presence of hydrochloric acid is con- 
verted into glucose and fructose. I'his is one test for cane- 
sugar. Another test is as follows: (1) Make a thin section 
of sugar-beet and let it stand a few minutes in a strong 
solution of copper sulfate. Then carefully rinse off all the 
salt. (2) Heat in a very strong solution of potassium hy- 
droxid. There will be seen a blue coloration in the section, 
gradually washing out into the liquid. 

457. To test for the oil content of the cell: Mount a thin 
section of the endosperm of castor-bean seed in water and 
examine with high power. Small drops of oil will be abun- 
dant. Treat the mount with alcanin (henna root in alcohol). 
Half an hour or more may be required. The drops of oil 
will stain red. This is a standard test for fats and oils. 

458. To examine gum-resin' Mount a little of the milky 
juice of the leaf-stem of the garden poinsettia (Euphorbia 
pulcherrima). It is of a creamy consistency. Examination 
under the microscope shows that it is not white, as it seems 
to the naked eye. The particles are yellowish or colorless 
and insoluble. These particles are gum-resin. They have 
been emulsified by the plant, making the juice appear white. 

459. Starch is the most abundant of the solid products 
of the cell. Starch grains have a definite form for each group 
of plants; and these groups can be determined by the form 

R 
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of their starch grains. Detection of adulteration of various 
products containing starch is accomplished by the aid of 
the microscope. This method is now particularly important 
in determining adulteration of stock foods. In potato starch 
the grains are ovate, with a ''nucleus'^ near one end, as 
shown in Fig. 444. In poinsettia they are dumb-bell shaped, 
with two nuclei. (Fig. 444.) In corn they have equal diame- 
ters, with radial fissures. In Egyptian lotus they are forked 
or branched. So far as known, all starch grains are marked 
with rings, giving a striated appearance, due to the differ- 
ence in density of the layers. When all 
water is driven out of the starch, the rings 
disappear. The layers are more or less 
concentric, and are formed about a starch 
nucleus. 

460. Starch grains may be simple, as 
found in potato, wheat, arrow-root, corn, 
and many others; or they may be in 
groups called compound grains, as in 
oats, rice (Fig. 444), and many of the grasses. 

461. Starch may be found in all parts of the plant. It 
is first formed in presence of chlorophyll in daytime, mostly 
in the leaves, and at night it is converted into sugar and 
then it is carried to some other part of the plant, as to 
the roots or tubers, to be stored or to be used. When 
found in the presence of chlorophyll, it is called transitory 
starch, because it is soon converted into sugar to be trans- 
ported to other parts of the plant. When deposited for future 
use, as in twigs and tubers, it is stored starch. 

462. The composition of starch is represented by 
CoHioOq. The grains are insoluble in cold water, but by 
saliva they are changed to sugars, which are soluble. Great 
heat converts them into dextrine, which is soluble in water. 
Starch turns blue with iodin (76). The color may be de- 
stroyed by heat, but will return as the temperature lowers. 



444. Starch grain h. 
a, potato; b, poinsettia; 
c, rice. 
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463. To test for starch: Make pastes with wheat flour, 
potato starch, and corn starch. Treat a little of each with 
a solution of rather dilute icdin. Try grains fronj crushed 
rice with the same solution. Are they tiie same color? Cut 
a thin section from a potato, treat with iodiii and examine 
under the microscope. To study starch grains: Mount in 
cold water a few grains of starch from each of the following: 
potato, wheat, arrow-root (buy at drug store), rice, oats, 
corn, euphoi'bia. Study the sizes, forms, layers, fissures, 
and location of nudei, and make a drawing of a f:;w grains 
of each. 


464. Amylo-dcxtrine is a solid product of the c.el! much 
resembling starch in structure, appearance, and use. With 
the iodin-test the grains (change to a wine-red color. Seeds 
of rice, sorghum, wild rice, and other plants contain amylo- 
dextrine. Amylo-dextrine is a half-way stage in the con- 
version of starch into maltose and dextrine. These latter 
substances do not react with iodin. 

465. Proteid or nitrogenous matter is stored largely in 
the form of aleurone grains, and is most abundant in seeds 
of various kinds. It is present also in solution or in amorphous 
compounds. The grains are very small, colorless or yellow- 
ish in most plants, rarely red or green. In the common 
cereals they occupy the o\iter layer of cells of the endosperm. 
(Fig. 445.) In many other cases they are distributed through- 


out the seed. The grains vary in size and 
form in different species, but are rather 
constant within each group. They are en- 
tirely soluble in water unless certain hard 
parts or bodies, knowm as inclusions, are 
present, and these may remain undissolved. 
The inclusions may be (a) crystaloids, as 



in potato, castor-oil seed; (h) globoids, as in peach, mustard; 


(c) calcium oxalate crystals, as in grape seed. 


466. To study aleurone grains and their inclusions: Cut 
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a thin cross-section of the peripheral cells of a grain of wheat 
and mount in alcohol. Stain with an alcoholic solution of 
iodin to color the grains yellow, and examine with the high- 
est power. Make a sketch of a few layers of cells, just be- 
neath the epidermis. Make a sketch of a few of the grains 
removed from the cells. While looking at the moimt, run a 
little water under the cover-glass and watch the result. 
Make a similar mount and study of the endo- 
sperm of castor-oil seed, or of grape seed. In 
the castor-oil seed, look for inclusions of large 
crystaloids and small globoids. In the grape 
seed, globoids should be found with crystals of 
calcium oxalate within them. This experi- Raphides of 
ment will require the power of one-sixth or rhizome of skunk 
one-fifth inch objective. 

467. Cells may contain crystals. Besides the crystals 
found as inclusions of aleurone grains, many others occur. 
In onion skin they are prisms; in nightshade they are in 
the form of crystal flour; in the petioles of the peach they 
are roundish, with many projecting angles; in the root-stock 
of skunk cabbage, in the bulbs of hyacinth, and leaves of 
tradescantia they are needle-shaped and are called raphides. 
(Fig. 446.) In the leaf of the India-rubber plant (common 
in greenhouses) are found compound clusters resembling 




bunches of grapes, which are called cysto- 
liths. (Fig. 447.) These are concretions and 
not true crystals. In saxifrage, mineral 
matter appears as incrustations on the sur- 
face of the plant. Toward autumn, crystals 
of calcium oxalate become very abundant in 


447. Cystolith in leaf 
of rubber plant.— 
Fious elastioa. 


the leaves of many deciduous trees; examine 
cross-sections of peach petiole in June and 
again in October. 


468. To study crystals and cystoliths: Section the root- 


stock of skunk cabbage or Jack-in-the-pulpit, the leaf 
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of Ficus elastica, tho leaf of Ivy (Hedua helix); make a 
separate mount of each in wat^r, and examine with the 
high power. When the crystals are found, draw them, with 
a view of the adjacent colls. Make a similar study of a 
bit of thin onion skin. 

Review. — Name ten classes ol contents oj products of tho cell. 
Where found? Of what use? What is cWorophyll? What is its use? 
What is assimilation (1S5)? Oive outhne of t^.e products of cells 
found dissolved in cell-sap. What are the uses of sugar to plants? 
Name some kinds of .'Ugai- found in plants. Describe an oxperimt'nt 
to test for glucose. Same for cane-sugar, flow may we find the oil 
in plants? Describe an experiment for the study of gUE'.-resin. Why 
does the juice containing it appear white? Describe sta»*cli grains of 
potato. Tell how starch grains of other plaul-s studied differ from 
those of potato. What are the uscms of starch to the plant? Where 
is the plant’s starch factory? Describe an experiment to test for starch. 
Name some plants in which one may find amylo-dextrine. How doc3 
its test differ from that for starch? What are aleurone grains? In 
what cells are they found in kernels of wheat? Name some of the forms 
in which we find true crystals in plant cells. 

Note. — The digestion of starch is produced by means of enzyms 
(183) or unorganized ferments (i.e., ferments that are not bacterial 
or fungal, but are che^mical substances). These ferments, as diastase, 
are present in seeds and other living tissues containing starch. During 
dormant periods the enzyms either qto , uot present, or their action is 
prohibited by the presence of other substances. 'There are various 
specific enzyms, each producing definite chemical changes. 

Grape-sugar and its associate, fruit-sugar, appear to be the forms 
most generally useful to plants. Cane-sugar i^ readily inverted into 
these sugars. 



CHAPTER XXXVIII 

TISSUES 

469. The lowest plants are unicellular or composed 
of only one cell. Of such are bacteria. (Fig. 136.) All the 
higher plants are composed of collections or aggregations 
of innumerable cells: they are multicellular. If we ex- 
amine the cells of the stem, the leaves, and the roots of any 
common garden x^lant we find that they differ very widely 
from each other in shape, size, and texture. 

470. Any grouj) of similar cells is called a tissue. Each 
of the different tissues of a plant has its own type of cells, 
although the cells in a tissue may differ from each other 
in various minor ways. 

471. Parenchymatous Tissue. — Thin-walled cells are 
known as parenchyma cells. When they unite they form 
parenchymatous tissue. These may or may not be elon- 
gated in form, and they usually contain protoplasm. Paren- 
chymatous tissue is found at the growing point of a shoot 
or root (Fig. 448); in the mesophyll (soft pulpy part) of 
the leaves (Fig. 468) ; around the vascular bundles of stems 
and roots (Fig. 455/), and in a few other places, as pith, 
medullary rays, etc. The cells of this tissue may be meriste- 
matic — in a state of active division and growth; or they may 
be permanent^ no longer able to divide. 

472. One important use of this tissue is to form other 
tissues, as in growing i)oints. Near the end of any young 
root or shoot the cells are found to differ from each other 
more or less, according to the distance from the ponit. 
This differentiation takes place in the region just back of 
the growing point. In the mesophyll (or middle soft part) of 

( 278 ) 
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leaves the elaboration of plant-food takes place. Intercellular 
spaces filled with air and other p!;ases nre common in this 
tissue of leaves, as well as in parenchyma of other parts of 
the plant. 

473. To study growing points use the hypocotyl of Indian 
corn. Prepared slides may be secured having stainetl longi- 
tudinal sections of tiie iiypocotyb The median section should 
be studied with the high power. Note these points (Fig. 
448) : (a) Root-cap beyond the grow- 
ing point, (h) shape of the end 
of the root proper and the shape o^* 
the cells found there, (c) The group 
of cells in the middle of the first 
layers beenath the root-cap. This 
group is the growing point, (d) Study 
the slight difference's in the tissues a 
short diwStance back of the growiiig 
point. There are four regions: the 
plerome, several rows of cells in the 
center; the endodermiSf composed of 
a single layer on each side; the peri- 
hlerriy of several layers outside the 
endodermis; the dermatogen, on the 
outer edges. Make a drawing of the 
section. If a series of the cross-sec- 
tions of the hypocotyl should be made 
and studied, beginning near the growing point and running 
back some distance, it would be found that these four tissues 
become more distinctly marked. The central cylinder of 
plerome will contain the ducts and vessels; the endodermis 
remains as endodermis; pcriblem becomes the cortex of 
parenchyma; the dermatogen becomes the epidermis of the 
root. 

474. Epidermal Tissue is a special modification of 
parenchyma, comprising the thin layers on the exterior of 


d p • pi e p d 



448. Growing point of root of 
Indian corn: d, d, dermato- 
gen; p, p, periblcm; e, e. en- 
dodermis; pi, picrome; i, in- 
itial group of cells, or growing 
point proper; c, root-cap. 
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leaves and stems. The cells are often tabular or plate-like in 
form, as in the epidermis of leaves (Fig. 137); and their 
outer surface bears a layer of cuticle, a protective sub- 
stance which is insoluble even in sulfuric acid. They do not 
bear chloroplasts and often contain only cell-sap, with a 
little protoplasm. Their walls are much thickened in some 
cases, as in Figs. 447 and 471. Hairs and bristles are con- 
sidered to be modified epidermal tissue. 

475. Collenchymatous Tissue. — Tissue composed of cells 
thickened at the angles, not much elongated and not lapping 
at the ends, is known as collenchyma. (Fig. 

A t j 449.) It is strengthening tissue. Good 
examples are found in such vines as 
F ^ Ik r cucumber and gourd. The tis- 

T 1 sue is slightly elastic and allows of some 
r y r stretching. Cut a few thin cross-sections 
« „ , . of large stems of jewel-weed, and mount 

Jewel-weed or touch- m Water. Study With high power, 
me-not Ompatien.). SoftBast OT Sieve Tissue.— In the 

higher plants is a tissue known as soft bast or sieve tissue (this 
also forms part of the bundle; 476). It is composed of two 
types of cells which almost always accompany each other. 
These are sieve tubes and companion cells, (Fig. 450.) Both 
are elongated, thin-walled and blunt at the ends. The sieve 
tubes are so called because of the sieve-like areas that they 
bear in various parts. These areas, called sieve plates, are 
commonly at the ends (as partitions) but may be in the 
lateral walls. (Fig. 450.) They serve to connect the cell- 
cavities with each other, and through them the proto- 
plasm strands extend, as shown in the figure. 

477. Prosenchymatous Tissue. — Several elongated and 
strong tissues, that greatly strengthen the stems in which they 
are found, are collectively known as prosenchyma. The cells 
of these tissues become much thickened by the addition of 
layers to the inner surface, and finally lose their protoplasm. 
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At times they may serve as store-rooms for starch and 
other products, and take an important part in the transfer 
of the plant juices. 

478. There are four mipin varieties of tissues that may be 
included under prosen- 
cliyma. (1) f ibrems tissue, 
composed of very thick- 
walled cells with very 
small central cavities. (F, 

Fig. 454.) They are very 
long and tapering at the 
ends, which lap. Such 
tissue is found in many 
plants where it often 
wholly or in part surrounds 
the fibro-vascular bundles. 

It is more often but not 
always foimd near the soft 
bast: hence the cells are 
sometimes called bast 
fibers or hard bast. (2) 

W ood tissue, or wood fibers. 

This is composed of cells 
much like the preceding 
in structure, but with 
thinner walls and the cen- 
tral cavity not so nearly 
closed. In some cases 
such fibers have transverse walls. Wood cells constitute 
a large part of the wood of some plants and in other 
cases are scattered only among the other prosenchyma. 
(3) Tracheids. Cells of this tissue differ from ordinary 
cells in being supplied with numerous bordered pits or 
other characteristic markings. They constitute almost all 
of the wood of the pines and other gymnosperms. (Fig. 



450. Bast-tissue, s, s, sieve tubes; e, com- 
panion cell; p, shows a top view of a sieve 
plate, with a coMpanion cell, c, at the side 
o, shows sieve plates in the side of the ceK. 
In 8, s, the protoplasm is shrunken from the 
walls by reagents. 
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451.) (4) Vascular tissue, composed of large cells which 
become confluent end to end, forming long tubes or ducts. 
(XT', Fig. 454.) From the thickened markings which these 
cells bear they are named spiral, annular, 'pitted, scalariform, 
etc. (Fig. 441.) These vessels are often of considerable 
length, but are never continuous through the entire plant. 
Cut a grape-vine stem 2 or 3 feet long. Place one cut end 
in a glass of water and with the other end in the mouth, 



try to force air 
through the stem. 
If not successful, 
shorten the stem 
a little. 

479. Scleren- 
chymatous or 
Sclerotic Tissue. 



461. Longitudinal tangential fiction of Scotch pine wood, 
highly magnified. It shows tracheids -with bordered 
pits. The dark cells are out ends of medullary rays. 


— Sclerenchyma 
cells are hard, not 
elongated, often 
somewhat spheri- 
cal, and their 
thickened walls 
are provided with 
simple or branch- 
ing canals. The 
cells of this tissue 


are illustrated by the common grit cells of the pear and some 
other fruits. They are also found in the coats of many 
seeds, in nut shells, in the pith of some plants. Hold a large 
gritty part of a pear between two pieces of smooth elder 
pith or cork and make free-hand sections. Mount in water. 
Make a drawing of a single cell showing thickness of wall, 
size of central cavity, wall markings. Note the general shape 
of the cells. 

480. Laticiferous Tissue, — That tissue found in many 


THE TISbTJE SYSTEMS 


283 


plants which contain a milky liquid io called hiidferous 
tissue. There is no fixed type for tho vessels that carry 
this fluid, as they vary greatly in different plants, being 
simple in the asclepias (milk-weed), and complex in the 
dandelion. 

481. Tissue Systems. — The parts of complex plants 
may be conveniently grouped into three tissue systems: 

(1) Fibro-vascular tissue system. This is composed of 
fibro-vaseular bundles. The fibrous framework of roots, 
stems, and leaves is made of fibro-vascular bundles. (‘^Fibro- 
vaseular’’ means fibrous or long and slender, and having long 
openings or channels.) Each bundle is composed of two 
fundamental parts: phloem and xylem. The bast fibers 
may or may not be present. Phloem is another name for 
the soft bast or sieve tissue, while xylem is the name of the 
lignified or woody part, and is composed chiefly of the wood 
cells, tracheids, and ducts. In stems of dicotyledons (exogens), 
these two parts of the bundle are separated by cambium, ^ 
a meristematic layer giving rise to xylem on one side and to 
phloem on the other. For types of bundles, see next chapter. 

(2) Fundamental tissue system. This is composed of the 
parenchymatous tissue already described. The fibrovas- 
cular syllem may be said to be imbedded in the funda- 
mental tissue. (3) Epidermal tissue system. This is the 
covering of the other systems, and is composed of epidermal 
tissue, already described. It should be borne in mind that 
the types of cells and tissues as defined in this chapter 
are not all that may be found in plants. There are many 
intermediate forms, e.g., tracheids and ducts blend the one 
into the other ; and the same is true of wood cells and tracheids. 

482. Summary of tissues studied: 

1. Parenchymatous tissue. 

a. meristematic. 

b. permanent. 

2. Epidermal tissue. 
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3. Collenchymatous tissue. 

4. Soft bast or phloem (sieve tissue). 

5. Prosenchymatous tissue. 

а. Fibrous tissue or bast fibers. 

б. Wood tissue or wood fibers. 

c. Tracheids. 

d. Vascular tissue or ducts. 

6. Sclerenchymatous or sclerotic tissue. 

7. Laticiferous tissue. 

8. Tissue systems. 

Review. — ^What is a tissue? How may two tissues differ? What 
is parenchymatous tissue? Name three places where this is found. 
Distinguish between ineristematic and permanent tissue. Name two 
uses of parenchymatous tissue. Of what utility are the intercellular 
spaces of leaves? Describe the parts studied in the section of root 
tip. What part of this tip will become vascular? Describe epidermal 
tissue. Collenchyma. Sieve tissue. Of what use are the sieve areas? 
What are the chief uses of prosenchyma? Describe fibrous tissue, 
wood cells or wood fibers; tracheids; ducts. What does your experi- 
ment in blowing air through a grape-vine stem indicate? Describe 
cells of sclerotic tissue. Laticiferous tissue. Name three tissue systems. 
What are fibro-vascular bundles? What two classes of tissue are found 
in each bundle? Of what is phloem composed? Xylem? 



CHAPTER XXXIX 

STRUCTITRE OF STEMS AND ROOTS 

483. There are two main types of stem structure in 
flowering plants, which have their differences based upon 
the arrangement of the fibro-vascular bundles. These types 
are endogenous and exogenous. 

484. Endogenous Stems. — ^In endogenous stems, the 
vascular bundles are irregularly scattered through the funda- 
mental tissue of the stem (Fig. 452), and are not arranged 
in circles about a common center. These plants are mono- 
cotyledons. The bundles are not parallel with each 
other, and are not of the same size throughout their length. 
Fig. 453 shows the direction often taken by the bundles 
in the stem. On the exterior there is either an epidermis 
or a false rind. The only trees that have this kind of stem 
are natives of the tropics or of warm countries. The palm 
is one of them, and these 
stems are sometimes called 
the palm type. In our 
climate are many ex- 
amples, such as greenbrier, 

Indian corn, asparagus, 
grasses, orchids, iris, and 
cat-tail. 

485. To study arrange- 
ment of bundles in corn: 

Cut thin sections of a small 
corn stem that has been 
preserved in alcohol. Stain with hematoxylin; or the sections 
may be examined first without staining. Examine with the 
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452. Cross-section of corn-stalk, showing 
the scattered hbio-vascular bundles. 
Slightly enlarged. 
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low power, and make a sketch showing the 
arrangement of the bundles. The sections, if 
mounted in a permanent way, as in balsam, 
may be kept for further study of the bundles. 
Compare with Fig. 454. 

486. Exogenous Stems. — ^The fibro-vascular 
bundles in exogenous (or dicotyledonous) stems 
are arranged in a circle around the center, 
which is usually filled with pith. Outside the 
ring of bundles is a cortex of fundamental 
tissue. Around this is either a layer of cork 
or an epidermis. Layers of parenchyma cells. 



called medullary rays, are found between the 453 . Diagram to 



bundles 
and often 
extending 


show the course 
of fibro-vascular 
bundles in mono- 
cotyledons. 


from the central pith to 


the outer cortex. These 


usually are prominent in 
young stems of woody 
plants and in vines. (Fig. 
457.) All trees and nearly 
all other ’woody plants 
of the temperate regions, 
as well as many herba- 
ceous plants, show this 
plan of stem. The me- 
dullary rays are very 
prominent in oak wood. 
These rays are lignified 
in the xylem part of the 


or spiral vessel; tt', thick-wallcd vessels; 
w, tracheids or woody tissue; f, sheath of 


bundle and non-lignified 


fibrous tissue surrounding the bundle; ft, 
fundamental tissue or pith; s, sieve tissue; 
p, sieve plate; c, companion cell; i, inter- 
cellular space, formed by tearing down of 
adjacent cells; w', wood parenchyma. 


in the phloem part. 

487. To study arrange- 
ment of bundles in ex- 
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455. Arrangctnent of tisriucs..iii 
2-year-old nteni of moonseed. 


ogens: Prepare thin cross-sections of the stems of meni- 
spermum (moonsecd), one year old, of geranium or of toiuato 
plant. Other greenhouse or garden 
plants may be employed. Stain with 
hematoxyhn. Make a permanent 
moiuit. Study with low power, and 
make a sketch showing the shape and 
location of the fibro-vascular bundles. 
(Fig. 4:55.) Save the mount for 
further study. If menispermiim stems 
are not easily obtained, ivy (Hedera 
helix), clematis, geranium, coleus, 
tomato or other plants may be substi- 
tuted. In woody stems the compres- 
p. pith; /, fundamental tia- gion is such that the student is usu- 
vascular bundles are very ally puzzled to Understand the bundle 
prominent. structure. "’^he subject will be sim- 

plified if he compares (on cross-section) the bundles in such 
a plant as the cucumber with that part of the vascular ring 
that lies between any two medullary rays in one-year-old 
stems of peach, 
elm, oak. 

488. Other 
Stems. — Be- 
sides the two 
types of stems 
studied above, 
which are prev- 
alent among 
phenogams, 
there are other 
kinds of struc- 
tures of stems 

among the cryp- 456. Cross-seotion of root of brake (Pteris aquilina), showing 
fncroma A onm twelve concentric fibro-vasoular bundles. The two long 
tUgailiS. com- strands are (.omposed of fibrous tissue. 
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mon arrangement of the bundles is 
in the form of a circle some distance 
from the center, with a few other 
bundles within the circle. Within 
the circle also are sometimes large 
areas of fibrous tissue. (Fig. 456.) 
There are, however, wide variations 
from this structure, but this mode 
of arrangement is often called the 
fern type of stem. 

489. Three Types of Bundles. — 
It has already been said (481) that 
every fibro-vascular bundle is made 
up of two parts: (1) phloem or 
soft hast; (2) xylem or wood. The 
relative position of these two 
strands of tissue is very important. 
There are three plans of arrange- 
ment, on which three types of 
bundles are based. These plans are collateraly bircollateral 
and concentric. 

490. In collateral bundles, the phloem and xylem are 
placed side by side, the 
xylem being nearer the 
center of the stem and 
the phloem outside or 
nearer the circumfer- 
ence of the stem. This 
plan occurs in the stems 
of phenogams. The col- 
lateral bundles may be 
either open or closed. 

Open bundles are those 
that continue to in- 

. . , . |. « 45S. Part of orosa-Bection of root>8tock of aapar- 

crease in size during llie agus, showing a few fibro-vasoular bundles. 




457. Cross-section of fibro-vas- 
cular bundle of moonseed (see 
Fig. 455) . /, /, crescent-shaped 
sheaths of bast fiber; p, 
phloem; cp, crushed phloem; 
Ct cambium; d, xylem ducts; f, 
xylem tracheida; m, medullary 
rays of fundamental tissue; 
from c to / (at bottom), xylem; 
f, end of first year’s growth; 
2, end of second year’s growth 
of wood. 
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by the presence of a growing layer at the line of union of the 
phloem and xylem. This layer of growing cells is called cam- 
hium. Dicotyledonous stems have open collateral bundles. 
(Fig. 455.) Closed bundles are those taat cease growing very 
early and have no cambium or grooving layer. They are called 
closed, perhaps from the fact that there is no means by which 
they may become larger. Stems of monocotyledons have 
bundles of ihe closed collateral type. Examine with high 
power cross-sec- 
tions ot menisper- 
mum stems and 
corn stems (see 
Figs. 454, 455, 457), 
that have been 
stained with hema- 
toxylin. Study the 
tissues found in a 
single bundle of 
(^ach, with the aid 
of the illustrations. 

491. In concen- 
tric bundles, the 
xylein is centrally 

placed in the 459. Enlargement of a single concentric 

bundle and the bundle from Fig. 458. 

phloem is all around it, as in club mosses and ferns (Fig. 
456) ; or the phloem is in the center of the bundle and the 
xylem surrounds it, as in the underground stems of some 
monocotyledons, as asparagus. (Figs. 458, 459 ) 

492. To see concentric bundles: Prepare cross-sections 
of the stem of pteris or aspidium. They should be cut very 
thin and stained with hematoxylin. Make a sketch showing 
the arrangement of bundles. Bicollateral bundles differ 
from the collateral in having additional phloem on the inner 
side of the xylem strand; as in pumpkins and squashes. 
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493. In roots, the phloem and xylem are not definitely 
arranged in bundles, but in alternating radial strands or 
plates. This plan is typical in young roots and rootlets, 
but is more or less obscured in older ones as seen in Fig. 467. 



460. MicruphotORraph of cross-section of grape cane of a single season's growth; a 
cambium; a-6, phloem: a-c, xylem; b-d, periderm layer, derived from phellogen, 
which cuts off the cortex, d-e. with its primary bast bundles. Note large medullary 
rays, m, and the large ducts for water conduction. Compare with structure of 
pine wood. Fig. 461. 
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494. Secondary Thickening of Stems.- -Dicotyledonous (or 
exogenous) stems with open col^'^teral bundles may increase 
in diameter eaeh year. If they are perennial, they may add 
a ring of growth each spring. (Fig. 401.) These rings may be 
counted on the smooth cross-cut surface of a tree, and the 
age of the tree usually can be very closely determined. All 



461. White pine Htem five years old. The outermost layer is bark. 


growth in thickness due to the formation of new cells out- 
side of the primary wood is called secondary thickening, 

495. As we have seen (490), there is a cambium or grow- 
ing layer in every open collateral bundle just between the 
xylem and phloem. Each spring the cells of this layer divide 
many times and form new cells both inside and outside the 
cambium ring. (Figs. 462, 463.) Those formed inside 
become thick-walled and are xylem. Those formed to the 
outside of the ring are gradually changed into phloem. The 
crowding of the cells Avithin the cambium ring causes the 
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ring itself to enlarge its circumference and to move out- 
ward by this growth. 

496. To study secondary thickening: Cut thin cross- 
sections of basswood stems of different ages (one to three 
years old). Stain and mount. Examine with low power and 



462. Microphotograph of cross-section showing secondary growth in larch, June 
13; a, cambium; a-b, new phloem; a-c, new wood. D. Tagential section of wood 
of pine, showing transverse section of medullary rays; rd, transverse resin-duct. 


sketch the arrangement of bundles in the oldest and young- 
est. Note the effect of growth on the medullary rays. Test 
them with iodin for starch. Now with the high power 
study the peculiar character of the bast tissue. Note the 
abundance of fibrous tissue all through it. Draw a 
single bundle from the stem one year old, carefully show- 
ing the location of the cambium and the different tissues 
in the xylem and phloem strands. (Fig. 464). It may 
be thought best to precede this experiment with a similar 
study of two-year-old stem of moonseed, ivy or other 
vines. 
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497. Bark. — In most 
woody plants, that part 
of the stem which is 
outside tho cambium 
ring is called hark, M 
tirst it contains the 
epid(Tmis or outer lay^T 
of colls, the phkKm 
and the cortex lying 
between the eiudermis 
and the phloem. The 
gradual growth of the 
stem causes the outer 

111 _ r i_ 1 463. Cambium tisHue n-b, in larch, May 'A). Lower 

deacl layers OI bark quarter, ceils of old xylem. Upper quarter, 
, _ 1 1 celU; of old phloem. Diameter increase just 

to crack more or less about to beRin. Medullary rays are shown. 

irregularly and finally Magnification son times. 

to split off. Examples of this can be seen on the trunks 
of any large trees. Before the tree is many years old, 
the cortical cells of the bark become much crushed and 
are lost to view. The epidermis is shed rather early in 




464. Section of ba»swood stem, five years old. 
The cone-ahaped growths of phloem are plainly seen. 


the life of the tree. 

498. Usually 
very early in the 
life of the stem a 
corky layer of bark 
is produced. This 
is the product of an 
active layer of cells 
called phellogen. 
This layer is first 
found at those 
places where the 
stomates were 
located. The epider- 
mis is first crowded 
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off at these places, and the rough corky spots are called 
lenticeh, Phellogen is very active in the cork oak of Spain, 
but it occurs in nearly all woody 
plants. In such plants as button- 
wood (sycamore), in which the bark 
peels off in thin, flat layers, the 
phellogen layer is nearly uniformly 
active in all parts, while in many 
other cases there is very little uni- 
formity. In wahoo (burning-bush) it is in four bands, giv- 
ing rise to four corner wings. In the section of menisper- 
'ifftim already studied, it is found only under the lenticel 
Spots where the stomates have been located. Fig. 465 shows 
structure of the outer bark as it occurs in the whole circum- 
ference of the three-year-old stem of red currant. 

499. To study phellogen and corky tissue: Cut thin cross- 



White pine stem in radial longitudinal section. 

Tracheids on the left with medullary rays crossing them. Next to the wood 
is the phloem, then fundamental tissue, then the dark bark. 

sections of red currant from stems two or three years old 
that have been kept in alcohol at least several hours. The 
sections should be stained. With the highest power make 
a careful study of the phellogen and the corky tissue outside 



406. Cross-section of red cur- 
rant twig, showing bark. 
c, corky tissue; p, phellogen; 
fir, 'parenchyma or cortex 
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467. Microphotograph of cross-section of root of grape one season old; m, medullary 
rays; a, cambium; a, c, phloem; p, b, xyiem. 


of it. Draw. The relation of bark to woody tissue in pine 
is shown in Fig. 461. Cork tissue may be studied to 
advantage in the skin of the potato. 

500. Structure of Roots. — ^At the growing point, the 
root has a cap (of small compact cells) that, protects the 
delicate tissues from injury. (Fig. 448.) Such a protection 




296 


STRUCTURE OF STEMS AND ROOTS 


does not occur in growing points (buds) of stems. In their 
internal structure roots differ from stems, especially when 
very young. In older roots the differentiation is not so 
marked. (Fig. 467.) Young roots have the radial arrange- 
ment of phloem and xylem (490). The number of xylem 
strands radiating from the center differs with the plant. 
In roots also there is almost uniformly a true endodermis. 
This layer is just within the cortex and is composed of 
rather thick-walled cells. However, many rhizomes and 
stems have a true endodermis. 

501. To study pea roots: From the roots of the pea 
a few weeks old cut thin cross-sections; stain and mount. 
With the aid of the low power make a sketch showing the 
arrangem('nt of the strands of wood and bast, and also the 
amount of fundamental tissue. Use the highest power and 
draw a portion including one strand of wood and two of 
bast. In this part, draw the tissues from the center out 
beyond the endodermis. Sections may also be made of the 
roots of germinating pumpkins or squashes. 

Review. — Name two types of stems occurring in flowering plants. 
Describe each and give examples to illustrate thc'm. Give the plan 
of arrangement of buiulh's in fern stcuns. How many types of bundles 
are there? Upon what (k) tlu'ir differences de})enfi? D(»scribc and give 
examples of collateral bundles. What difference is there between open 
and closed collat-cral bundles? Give examples of each. Describe 
and give exampk's of concentric bundles. Radial arrangement. What 
is secondary thickening? What plSnts show it? What is the layer 
called that forms the n(w cells in a bundle? When is this layer most 
active? Describe the work of this layer. What part of each bundle of 
a dicotyledon is found in the bark? What are lenticels? What is phel- 
logen? Describe the work of phellogen in any plant you have studied. 
\\'here is the root cap? What, is its use? Describe fully the structure 
of roots, telling how^ they differ from stems, 
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502. Besides the frarrework or system of veins found 
in blades of all leaves, there is a soft tissue (408) called 
rneiiophyll or leaf -par mchymUf and an epidertnis that covers 
the entire outside part. 

503. Mesophyll. — The mesophyll is not all alike or homo- 
geneous. The upper layer of it is composed of elongated 
cells placed perpendicular to the surfaces of the leaf. These 
are called palisade cells. The chlorophyll grains are most 
abundant in them, l)ecause they are on the side of the leaf 
most directly expos(‘(l to the sunlight. Below the palisade 
cells is the spongy parenchyma, composed of cells more or 
less spherical in shaj)e, irregularly arranged, and provided 
with many intercellular air cavities. (Fig. 468; also Fig. 
137.) In leaves of some plants exposed to strong light 


there may be more than 
one layer of palisade 
cells, as in the India- 
rubber plant and ole- 
ander. Ivy, when grown 
in bright light, will de- 



velop two such layers of 
cells, but in shaded places 
it may be found as in 
Fig. 468. Such plants as 
iris and compass plant. 


408. Cross-section of ivy leaf, which f?rew in 
shade and has only one layer of palisade 
cells, u, upper epidermis; p, palisade cells; 
c, a crystal; sp, spongy parenchyma; i, in- 
tercellular space; Z, lower epidermis. The 
plant hero intended is the true or English 
ivy, Hcdera helix. 


which have both surfaces of the leaf equally exposed to sun- 


light, usually have a palisade layer beneath each epidermis. 


504. Epidermis. — The outer or epidermal cells of leaves 
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do not bear chlorophyll, but are usually so transparent that 
the green mesophyll can be seen through them. They often 
become very thick-walled, and are in most plants devoid of 
all protoplasm except a thin layer lining the walls, the 
cavities being filled with cell-sap. This sap is sometimes 
colored, as in the under surface of begonia leaves. It is 
not common to find more than one layer of epidermal cells 
on each surface of a leaf. The epidermis serves to retain 
moisture in the leaf. In desert plants the epidermis as a 
rule is very thick and has a dense cuticle. 

505. There are various outgrowths of the epidermis. 
Hairs are the chief of these. They may be (1) simple , as 
on primula, geranium, naegelia; (2) once branched, as on wall- 
flower; (3) compound, as on verbascum or mullein; (4) 
disk-like, as on shepherdia (Fig. 469); (5) stellate, or star- 
shaped, as in certain 

Ano n ull, , 1- 1 u • r ... be so made as to 

469. Disk-like or radial hairs of shepherdia. . , 

brmg hairs on the 
edge of the sections. Or, in some cases, the hairs may be 
peeled or scraped from the epidermis and placed in water 
on a slide. Make sketch of the different kinds of hairs. 

507. Stomates are small openings or pores in the epi- 


^ 


469. Disk-like or radial hairs of shepherdia. 
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470. Stomate of ge- 
ranium leaf, show- 
ing the guard-cells. 


dermis of leaves and soft stems, allowing the passage of 
air and other gases and vapors. They aro placed near tJie 
large intercellular spaces of the mesophyil. Fig. 470 shows 
the usual structure. There are two guard- 
cells at the mouth of each stomate, which 
may in most cases open or close the passage. 
It is commonly thought that the opening 
and closing of the guard-cells is in response 
to different, moisture conditions of the 
atmosphere. When the air is d:y it is 
assumed that the stomates close 
and thus retard water loss from 
the plant, and vice versa. The 
stomates have generally been 
thought to regulate transpiration. 

This is not true. In Fig. 471 is 
shown a case in which there are 
compound guard-cells, that of ivy. 

On the margins of certain leaves, as of fuchsia, impatiens, 
and cabbage, are modified stomates known as water-pores. 

508. Stomates are very numerous, as will be seen from 



471. Stomate of ivy, showing 
compound guard-cells. 


the numbers giving the pores to each 

square 

inch of leaf 

surface: 

l.ower 

Hurfaco 

upper 

Buriace 

Peony 

13,790 

None 

Holly 

63,600 

None 

Lilac 

160,000 

None 

Mistletoe 

200 

200 

Tradescantia 

2,000 

2,000 

Garden Flag 

11,572 

11,572 


The arrangement of stomates on the leaf differs with 
each kind of plant. Figs. 472 and 473 show stomates on two 
plants, and also the outlines of contiguous epidermal cells. 
The guard-cells contain chloroplasts. 

509. Fall of the Leaf. — In most common deciduous plants, 
when the season’s work for the leaf is ended some of the 
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nutrients are withdrawn into tlve stem, and a layer of corky 
cells is completed over the surface of the stem where the 
leaf is attached. The leaf soon falls. It often falls even 
before killed by frost. D(‘ciduous leaves begin to show 
the surface line of articulation in the early growing season. 
This articulation may be observed at any time during the 
summer. The area of tlu^ twig on(j(^ covered by the petioles 
is called the leaf-scur after the leaf has fallen. Figs. 57, 87, 
91 show a number of leaf-scars. Fig. 474 shows the leaf- 
scar in the form of a ring surrounding the bud, for in the 
plane-tree the bud is covered by the hollowed end of the 
petiole; sumac is a similar case. Examine with a hand- 
](‘ns leaf -scars of s(‘veral Avoody plants. Note the number of 
bundle-scars in each leaf-scar. Sections may be cut through 
a leaf-scar and examined with the microscope. Note the 



Revip]w. — Name three tissues found in leaves. On the board, 
draw a sketch showing the structure of a leaf as seem in cross-section. 
What cells of leaves bear protophisni and chlorophyll? Why do some 
leaves have palisade cells near both surfaces? Describe epidermal 
(H'lls. Why arc their walls much more thickened in some plants than 
in others? What is the purpose of ('piderinis? W"hat are stomates? Draw 
on the board a section through a stornate showing epidermis and 
mesophyll. Give some idea of number of stomates in various plants. 
Nanu^ several types of e]ii<i(Tmal hairs. W’hat iit ility could be suggested 
for the dense coat of hairs on leaves of sheplumdia? (Fig. 469.) 

Note. — To study leaf tissues: A number of leaves can be com- 
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pared by making free-hand cross-secticns uf ieavos held between two 
pieces of pith or cork, and mounting the material in water. Study 
such leaves as ivy (Hedera helix), bcgomii, cvcas, geranium, and coni. 
Note the number of layers of palisade cells, t he spongj" pareixchyma, 
t,he epidermal layers. Which ceils beai* chlorophyll? Write a brief 
description of the tissues of each leaf, and make a drawing of the geranium . 

To study stomates in cross-secfio^n: In the (aoss-sections of leaves 
of geranium, corn, ivy, lily, (w spider-lih^ prepared for the above extier- 
iment, look for the stomates and make a careful drawing from the one 
you can sec best. 

Study of stomates in surface 
mew: From the under surface of 
leaves of geranium and impatiens, 
peel bits of epidermis by tearing 
the leaf. Mount, these in water 
and examine under low^ power. 

Are the stomates scattered or in 
groups? With the aid of a higher 
power, draw a few stomates show- 
ing their guard-cells and the sur- 
rounding epidermal cells. Make 
a similar study and sketch of the epidermis tom from the under surface 
of a Begonia sanguinea leaf. 

The openings or pores are known as stormta^ singular stoina\ also as 
stomates, singular stomatc. 

Note on Scope, Apparatus, and Methods. — The work outlined 
in Part 111 is sufficient, if well done, to occupy one period of the pupil's 
time each school day for six weeks. These chapters are intended 
only as laboratory guides. pupil should work out each structure 

or part for himself before taking up the succeeding subject. The work 
in this Part deals with only the elements of the subject, but it is as 
much as the pupil can hope to take up with profit in an outline course. 

Apparatus. — The apparatus necessary for the work outlined in 
these chapters on histology may be secured from dealers in micro- 
scopes and laboratory supplies at a low figure. Schools should obtain 
catalogues from the following and other reliable dealers; 

Bausch & Lomb Optical Co., Rochester, N. Y. 

Eimer & Amend, New York. 

The Franklin Educational Co., Boston. 

Ward’s.Natural Science Establishment, Rochester. 

Richards & Co., Chicago and New York. 



474. T^af-acar of the planr-treo or 
syjtainoni. Tho acar surroundB 
the bud, which was covered by 
the hollow base of the petiole. 



302 


STRUCTURE OF LEAVES 


Spencer Lens Co., Buffalo. 

Williams, Brown & Earle, Philadelphia. 

Geneva Optical Co., Chicago. 

Whitall, Tatum & Co., New York. 

Chas. I^entz & Sons, Philadelphia. 

Kny-Scheerer Co., New York. 

Cambridge Botanical Supply Co., Cambridge, Mass. 


475, All material and apparatus should be kept under cover when not in use. 

The microscope should have a 1-inch and perhaps a 2-inch eye- 
piece, and two objetdives of say % and % focal lengths. By arrang- 
ing the laboratory study of the pupils at different times, each microscope 
may be used by throe, four, or even more pupils. 

There should be a microtome or section-cutter for use by the class. 
If possible, each pupil should have his own individual tools and 
bottles of reagents, as follows: 

1 good razor (hollow-ground on one side only). 

1 small scalpel. 

1 pair forceps. 

2 sharp needles mounted in handles (as penholders). (Fig. 215). 
1 medicine dropper. 

1 small camf'l’s-hair brush. 

A number of slides and cover-glasses. 

Of reagents, stains, and other chemicals, there should be the following: 
Glycerine. lodin dissolved in alcohol. 

95 per cent alcohol. Potassium hydroxide solution. 

Canada balsam. Fehling's solution. 

Xylol. Alcanna (henna root in alcohol). 

Copper sulfate solution. Formalin, 
lodin dissolved in water. 

Preparing and keeping laboratory material . — In preparing material 
for the experiments outlined in Part III, the pupil or teacher will find 
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it best to secure much of the material during the growing season and 
preserve it until the time for use. Material collected can be prepanid 
by placing it immediately in 9d per cent alcohol and then transferring 
it after twelve hours into 70 per cent alcohol, m which it may bo stored 
for future use. Material may also be prepared in a 2 or 2^ per cent 
solution of formalin. Formalin bums the skin. 

Free-hand cutting and mourUtng . — To cut seciions, the material 
may often be held between pieces of pith or smooth cork by the fingers. 
The material and sections should be kept wet with alcohol during the 
time of cutting. 

The sections when cut should be wet in water, then stained with 
Delafield's hematoxylin for a few minutes; drain off the hematoxylin 
and rinse with water; then use 95 per cent followed by absolute 
alcohol, to extract all the water from the sections; then poar on xylol 
for a few minutes. If the section is too heavily stained, some of the 
stain may be removed by repeated rinsing with water. Mount the 
section on the slide in a drop of balsam and cover with the thin cover- 
glass. Mounts so made are permanent. 

Hematoxylin does not mix readily with alcohol, and balsam docs 
not mix with water nor with alcohol. Sections mounted before they 
are freed from water become cloudy and worthless. 

All materials should be kept covered when not in actual use, and 
always in order. (Figs. 475, 476.) A good work-table may be made on 
the side of the school-room. (Fig. 477.) 

Microtome sectioning . — The sectioning may be improved by the 
use of a hand microtome, that may be purchased of a dealer at 
small cost. A more complicated microtome may be employed, but in 
this case the material must first be imbedded in a matrix like collodion, 
paraffine or other substance. This imbedding is a complex process; 
the material must first be treated with various n^agents. The method 
will not be considered here. The reader should refiT to ChamberJain^s 
“Methods in Plant Histology'’ or to Stevens' “Plant Anatomy" for 
the methods necessary and for directions for staining. 



470. Box of microscope slides, and a packet of collodion drying in a glass vessel. 



477. A simple laboratory table arranged near the windows of a school-room. 

Each shelf between the the windows holds two bottles, one for water and one for alcohol. These are provided with flexible siphon 
terminating in a pipette-like point, and closed by a pinch-cock. The siphons hang over a metal tray having bars across the top, on 
slides may be placed while staining. A stand contains the necessary reagents. Each set of apparatus can be used by two pupils during 
session. It is advisable to support the table by braces running to the wall’, to escape the vibration of the floor. 
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PART IV . 

THE KIND? OF PLANTS 

Number of Plants. — Above 120,000 distinct kinds or 
species of seed-bearing plants are known and described. 
Probably little more than one-half of the total nurrber now 
existing on the earth is known. Even in the older countries 
and regions, seed-bearing plants heretofore unknown to 
science are discovered now and then. Outlying regions 
are relatively little known botanically. Large parts of 
Africa, South America, Central America, China, Central 
Asia, and the tropical islands are only imperfectly explored 
for plants. Cryptogamous plants are very numerous in 
kinds, and many kinds — as, for example, various bacteria 
— are almost infinite in numbers of individuals. In the 
lower ranges of cryptogamous plants, as in fungi and bac- 
teria, new kinds are being described even in countries in 
which they have been carefully studied. 

Species. — Each kind of plant is called a species. There 
is no absolute mark or characteristic of a species. Between 
many kinds there are intermediate forms, and some kinds 
vary immensely under different conditions. What one 
botanist confeders as a distinct species another botanist 
may regard as only a variety or form of another species. 
No two botanists agree as to the number of species in any 
region. Species are not things in themselves. In practice, 
any kind of plant that is distinct enough to be recognized 
by a description, and that is fairly constant over a con- 
siderable territory, is called a species. We make species 
merely to enable us to talk and to write about plants: we 
must have names to call them by. The different kinds of 

(307) 
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plants are the results of evolution. Probably none of them 
was created in the beginning as we now find it. 

Names of Species. — For more than one hundred and 
fifty years (since Linnaeus published “Species Plantarum’^ in 
1753), species have been known by two names, the generic 
and the specific. The generic name is the name of the 
genus or group to which the plant belongs: it corresponds 
to a surname. The specific name belongs only to the par- 
ticular, species or kind : it corresponds to a given or Chris- 
tian name. Both namc^s are necessary, however, to desig- 
nate the species. Thus Quercus is the generic name of 
all the oaks. Quercus alba is one of the oaks (the white 
oak), Q. virginiana (the live-oak) another. All maples be- 
long to the genus Acer, and all elders to Sambucus. The 
same specific name may be used in any genus, as the same 
Christian name may be used in any family. Thus, there 
is a Quercus nigra, Cyperus niger, Acer nigrum, the word 
“niger” meaning black. 

By common consent, the oldest proper name of any 
species must stand. If a species happens to have been 
named and described twice, for example, the first name, if 
in the proper genus, must hold; the later name becomes a 
synonym. It sometimes happens that the same specific 
name has been given to different plants of the same genus. 
Of course this name can be allowed to stand for only one 
species, and the other species must receive another name. 
In order to avoid confusion of this and other kinds, it is 
custcwnary to write the author^s name with the species- 
name that he makes. Thus, if Gray describes a new 
Anemone, his name is ^vritten after the plant-name: Ane- 
mone cylindrica, Gray. The author’s name thus becomes 
an ind^x to the history of the species-name. 

Plant-names are thrown into the forms of the Latin 
language. When plants first were studied seriously, knowl- 
edge was preserved in Latin, and Latin names were used 
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for plants. The Latin form is now a part of the technic^al 
system of plant and animal nom^^nciaturt*, and is accepted 
in all countries; and the Latin language is as good as any 
other. In the Latin language all plant-names have gender, 
and the termination of the word usually differs in each gender. 
The spf‘cies-name must agree with the genus-name in 
gender, is neuter: so are -4. rubrum and .1. nigrum, 

Cyperits is masculine; so is C, niger, Quevzus is feminine, 
although masculine in form, but trees and shrubs are feminine 
in Latin: so we write Q. nigra. Masculine, feminine, and 
neuter endings are seen in Rvhus sativus, Pastinaca saliva, 
Pisum sativum, “Sati-vus’’ means cultivated. 

The name of a species not only identities the species, but 
classifies it. Thus, if a plant is named in the genus Acer, 
it belongs to the maples; if it is named in Fragaria, it belongs 
to the strawberries; if it is named in Pyrus, it is allied to 
apples and pears; if it is Helianthus, it is one of the sunflowers. 

Use of Knowing Plant-names. — The name is an intro- 
duction to the plant, as it is to a person. It is an index 
to its history and literature. It enables us to think and 
to speak about the plant with directness and precision. It 
brings us nearer to the plant and increases our interest in it. 

The name is a means, not an end. Merely to know the 
name is of little use or satisfaction. Knowing the name 
should be only one step in knowing the plant. Of late 
years, the determining of the names of plants has been 
discouraged as a school-exercise. This is because all in- 
quiry stopped when the name was secured. A name was a 
stone wall when it should have been a gate. 

How to Find Out the Names of Plants. — ^There can 
be no short-cut to the names of plants, for names cannot 
be known accurately until the plant is known. The name 
and the plant should be indissolubly associated in the mind. 
Study first the plant. If one does not know the plant, there 
is no occasion for knowing its name. 
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Learn first to classify plants: names will follow. Look 
for resemblances, and group the plants around some well- 
known kind. Look for sunflower-like, lily-like, rose-like, 
mint-like, mustard-like, pea-like, carrot-like plants. These 
great groups are families. The families of plants are bet- 
ter recognized by studying a few representative plants than 
by memorizing technical descriptions. Go to the botany 
and use the keys in these families, in order to run the plant 
down to its genus and species. If the family is not recog- 
nized, use the key to find the family. Use the keys at first: 
gradually discard them. When one looks for relationships, 
the vegetable kingdom comes to have continuity and mean- 
ing. Merely to know names of plants here and there is of 
little use. 

It is unwise for the beginner to try first to find the name 
of any plant. Let him first examine familiar plants or those 
which seem to be related to other plants that he knows. 
Let him get in mind the bold characteristics of the families 
which are most dominant in his locality. After a time, in 
case of each new plant, he should be able to give a shrewd 
guess as to its family; then he may go to the book to verify 
the guess. 

In the following Flora, about fifty well-marked families 
are chosen for study. Some of them are not the most char- 
acteristic of American vegetation, but they are such as 
afford easily accessible species, either in the wild or in culti- 
vation, and which are not too difficult for the beginner. 
The pupil should begin with plants of which he knows the 
common names or with which he is familiar. Several plants 
should be studied in each family, that he may grasp the 
characteristics of the family and thereby be led to 
compare plant-groups and to clarify his perception and 
widen his horizon. When these families, or the larger 
part of them, are understood, if the pupil desires further 
knowledge of species, he may go to the regular manuals in 
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which species are grouped or classified according to their 
natural affinities. It is well to study more than one plant in 
a genus whenever possible, for then close coraparisons can 
be made. 

Making a Collection.- -The making of a colle';tion of 
plants focuses one^s attention, defines oneV, ideas, and affords 
material for study at any season. The collecting and pre- 
serving of plants should be encouraged. Not until one 
searches for himself, and collects with his own hands, can 
he know plants. Tiie collection should not be an end, hov^- 
ever. It should be only a means of knowing plants as they 
live and grow. Too often the pupil thinks it sufficient 
merely to have made a collection, but the collection of itself 
is scarcely worth the while. 

Plants are preserved by drying them under pressure. 
The collection, when properly arranged and labeled, is an 
herbarium. Each species should be represented by sufficient 
specimens to display the stems, foliage, flowers, fruits. If 
the plant is an herb, its roots should be shown. There should 
be several or many specimens of each species, to show the 
different forms that it assumes. It is less important to 
have an herbarium of many species than to have one showing 
the life-phases of a few species. First make specimens 
of the common species: later one may include the rare ones 
if he choose, although an herbarium that selects plants 
merely because they are rare is of little account except as 
a collection of curiosities. The commonest plants arc usually 
the least represented in herbaria. 

Dry the plants between blotters that are 12 inches 
wide and 18 inches long. These blotters are called “driers.’^ 
They may be purchased of dealers in botanical supplies, 
or they can be cut from felt ^'carpet paper.’^ It is well to 
place the specimen in a folded sheet of newspaper, and 
then lay the newspaper between the driers. If the specimens 
are large or succulent, three or four driers should be laid 
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between them. The sheets may be piled one above another, 
until the pile becomes so high (10-16 inches) that it tends to 
tip over. On the top place a board of the dimensions of the 
drier, and apply twenty to thirty pounds of stones or other 
weight. Change the driers — but not the newspapers — once 
a day at first, laying the moist driers in the sun for a time. 
In a dry warm place, most plants will dry in a week or ten 
days. When thoroughly dried, they retain no soft, sappy, 
fresh-green areas, and they usually break if bent sharply. 
They will be perfectly flat. 

The use of corrugated j)aste-board has proved very satis- 
factory in drying specimens. The board should be of the 
same size as the driers. Place one of the corrugated boards 
upon a table; over it lay a drier; then the sheet containing 
the specimen; over this a drier; then another corrugated 
board, a drier, a sheet (containing specimens, and so on. The 
corrugations of the board provide air passages for the re- 
moval of moisture absorbed from the specimens by the driers; 
and, unless very succukcnt plants are being pressed, it is not 
necessary to change driers at any time while the specimens 
are drying. The pile should be weighted as described above. 

The specimen may now be secured to strong white 
paper, known as “mounting paper. The regulation size 
of the sheets is inches. It is the quality of 

heaviest ledger paper. By the ream, it can be bought for 
one cent or less a sluM^t. The specimen should be large 
enough nearly or quite to cover the sheet, unless the entire 
plant is smaller than this. It may be glued down tight, as 
one pastes pictures in a scrap-book, or it may be held in 
place by strips of gummed paper. The former is the better 
way, because the plants are not so easily broken. Only 
one species should go on a sheet. In one corner, glue the 
label. This label should give the place and date of collecting, 
name of collector, and any information as to height, color, 
nature of soil, and the like. Sooner or later, the label should 
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contain the name of the plant; but the name need not be 
determined until after the plant is mounted. (Fig. 478.) 

The sheets of one genus ar^ laid together in a folded 
sheet of strong straw-colored paper. Thv, tolded sheet is 



478. An herbarium sheet. In this case, the specimens are held in place 
by strips of glued paper. 


the “genus cover.’’ Its size when folded is 11^ x 16^ 
inches. On the lower left-hand corner the name of the 
genus is written. If one has many sheets in one genus 
— say more than 20 — it may be necessary to have more than 
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one cover for them. The covers are laid in cupboards flat- 
wise, one on the other, and the sheets then retain their 
shape and are always ready for use. 

Explanation of the Flora. — The following Flora con- 
tains 625 species of plants in 294 genera and 51 families. 
These species are selected from common and representative 
plants, in the hope that 50 to 100 of them may be secured 
by any pupil. The pupil should collect his own specimens 
as far as possible, and he should press and preserve them 
after he has studied the structure. Familiarity with 100 
plants will give the pupil a good grasp of plant forms, pro- 
vided he does not stop with merely acquiring the names and 
pressing the specimens. He should know how the plants 
look, where they grow, how they associate with other plants, 
how long they live, and the like. 

Avoid the use of keys as much as possible: learn to 
see the plant as a whole : go directly to the family, if possible. 
But it may be necessary to use keys at first. In this book 
coordinate parts of the key are marked by the same letter: 
e.g., F, FF, FFF, are three coordinate entries. Coordinate 
entries are also introduced by the same catch-word, as 
^^flowers,'' “leaves,’^ “fruit.^^ Using a key is a process of 
elimination. First try the plant in a; if it does not belong 
there, go to aa. Then repeat the search in d, dd, etc., until 
the family is found. 

Synonyms are placed in parentheses immediately fol- 
lowing the accepted name. Thus ^^Impatiens hijioraj Walt. 
(/. fulva^ Nutt.)^' means that the accepted name is Walter^s 
/. bifioray but that the plant is also known by NuttalPs 
name, I. fulva. 

Proper pronunciation is suggested by the accent, which 
indicates both the emphatic syllable and the length of the 
vowel. The grave accent (') indicates a long vowel; the 
acute (^), a short vowel. Terminal vowels are pronounced 
in Latin words. The word officinale is pronounced offici- 
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nay-ly; aurea with au as in Laura; virginiana with the a a? in 
hay: alba, with a as in had; acutilot>a with i as in hill; minor 
with ^ as in rnim; halimifblia with o ar, in hole: japcmiea with 
0 as in con; rumex with u as in tune; funkia with u as in run. 

Key to the families as represerUed in the following pages 

A. CRYPTOGAMS: no true flowers or seeds: propagating by means 

of spores Filices, p. 321 

AA. PHENOGAMS: bearing flowers and seeds. 

B. Gymnospbrms: seeds naked (not enclosed in ovaries), borne 
in cones or berries: no conspicuous flowers; l\s. netJule- 

shapod or scale-like: plants usually evergreen Coniferae, p. 324 

BB. Angiosperms: seeds borne in ovaries: flowers usually siiowy: 
leaves very various, mostly deciduous, 
c. Monocotyledons: frotyledcn 1: leaves mostly parallel- 
veined, not falling with distinct articulation: stem with 
scattered fibro-vascular bundles (endogenous) and no 
separable bark ; flowers mostly 3-merous. 

D, Flowers without true perianth, except sometimes small 
scales, or braerts, or bristles, but inclosed by green 
alternate glumes, or chaffy bracts: arranged in spikes 
or spikelets: grass-like plants. 

B. Glumes in pairs, of 2 sorts (glumes and palets): culms 
round, hollow: leaf-sheaths usually split on one side 

opposite blade 

Gramineae, or Grass Family, not treated here. 

EB. Glume or scale single, with flower in axil: perianth 
none or replaced by bristles: culm triaii;.^lar, solid; 

sheath entire or closed i 

Cyperacfse, or Sedge Family, not treated here. 

(For grass-like plants having flowc;rs with 6 similar, grt^en 
or chaffy bracts [glumaceous segments], culms solid. 

See Juncaceae, or Rush Family, not included here.) 

DD. Flowers without glumes, borne on spadix, small, incon- 
spicuous, usually attended by spathe Araceae, p. 327 

DDD. Flowers not on spadices, mostly conspicuous. 

E. Perianth free from ovary. 

F. The perianth with all parts similarly colored. 

G. Parts of perianth 6, similar, green or chaffy 
(bract-like) or glume-like (glumaceous segments). 

Juncaceae. 

GG. Parts of perianth 6, regular, colored . . . .Liliaceae, p. 328 
FP. The perianth with parts differently colored. 

G. Leaves in a whorl: stigmas 3 .Trillium in Liliaceae, p. 332 
GG. Leaves alternate: stigma 1 Commelinaceae, p. 334 
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EE. Perianth-tube adherent to ovary wholly or partly: 
flowers perfect. 

F. Anthers 3 Iridaceae, p. 337 

FF. Anthers 6 Amaryllidacese, p. 335 

FFF. Anthers 1 or 2, united with pistil, gynandrous 

Orchidaceae^ p. 339 

cc. Dicotyledons: cotyledons 2 or more: leaves mostly netted- 
veined, usually falling with a distinct joint or articula- 
tion: stem with concentric layers of wood when more 
than one year old (exogenous), and a distinct separable 
^ bark: flowers mostly 5-merous or 4-merous (comprising 
the remainder of this kc‘y). 

D. Choripetalu'.: petals distinct or wanting (i. e., flowers 
polypetalous, apetalous or naked, in distinction from 
gamopetalous, nn, p. 319). 

E. Flowers characteristically apetalous; mostly small and 
often greenish, inconspicuous. 

F. Plants woody. 

Cl. The flowers mona*cious or diandous, one or both 
sorts in catkins. 

H. Fertile flowers in short catkins or heads: calyx 
regular in the pistillate flower, becoming 

fleshy or juicy in the fruit (juice milky) 

Urticaceao, p. 345 

HH. Fertile flowers 1-3 in a cup-like involucre: 
or 2 or 3 at each scale? of the pistillate catkin: 
fruit dry, often winged, or a 1-seeded nut: 

sterile fls. in elongated catkins Cupuliferae, p. 342 

OG. Th(! flowers not in catkins. 

H. (^alyx-tube adherent to ovary: climbing 

Aristolochiaceae, p. 348 


HH. (^alyx-tube hypogynous. 

I. Leaves opposite. 

j. Fruit a double samara, 2-winged 

Sapindaceae, p. 343 

jj. Fruit a single-winged samara or 1-seeded 

drupe: stamens 2 Oleaceae, p. 388 

jjj. Fruit not winged: 3-Bceded: stamens 4 

Euphorbiaceae, p. 351 

II. Loaves alternate. 

j. Stylos or stigmas 2 or 2-cleft; stamens 
equal the calyx-lobes and opposite to 

them Urticaceae, p. 345 

JJ. Styles or stigmas 3, each 2-cleft: pod 3- 
cclled and 3-seeded: flowers 3-parted: 

fruit a dry capsule: stamens 8 to many.. . 

Euphorbiaceaa, p. 351 
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FF. Plants herbaceous, flowers not in catkins or aments 

G. Ovary inferior, 6-celled: stamens 6 or 12 

Aristolochiaceae^ p. 3^18 

GG. Ovary superior, 1-celIod. 

H. Stamens indefinite Haaunculaceae, p. 355 

HH. Stamens few (4- 12). 

I. Stylo? 2-3; stipules sheathin*? stem at nodis 

of the alternate leaves Polygniiaceae^ p, 349 

II. Stj’le single; stipule's not sheathing stern 

Urticacrap, p. 345 

GGG. Ovary supc'rior, 3-eelled L uphorhincae , p. 351 

EE. Flowers characteristically polypetalous, generally showy. 

F. Plants woody. 

G. The stamc;ns numerous (more than 10). 

H. Leaves alternate. 

I. Ovary 1, simple or compound, or ovaries 
numerous; fruit a drupe or fleshy; stamens 
distinct, inserted on the cup-shaped recep- 
tacle Rosaceae, p. 385 

II. Ovaries many or numerous; stamens many, 

monodolphous Malvaceae, p. 372 

HH. Leaves opposite; ovarj’^ single, 2-5-celled; fruit 

a dry capsule Saxifragacese, p. 393 

GG. The stamens 10, or less than 10. 

H. Stamens 2 (rarely or a<tcidentally 3 or 4); fruit a 

drupe, or 2-celled berry or 2-eellcd pod 

Oleaceae, p. 420 

HH. Stamens 5, alternate with petals; fruit a berry. 

Saxifragaceae, p. 393 

HHH. Stamens 5 or 10 united at base, s me sterile; 

leaves simple; fruit 5-lobed, carpels separating 

from central axis when ripe Gcraniaceae, p. 373 

HHHH. Stamens 5—10; leaves compound; fruit a leathery 
1-3-valved pod and flower irregular; or, fruit 
a 3-cellcd inflated (bladdery) pod and flowers 

regular Sapindaceae, p. 375 

HHHHH. Stamens usually 10, monadelphous, diadel- 

phous, or distinct: fruit a legume 

Leguminoeae, p. 379 

FF. Plants herbaceous. 

G. The stamens 10 or more. 

H. Ovary 1, simple: fruit a 1— 2-seeded berry 

Berhcridacem, p. 360 

HH. Ovaries several, simple. 

I. Stamens indefinite, hypogynous 

RanunculcLceae, p. 356 
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II. Stamens indefinite, inserted on cup-like recep- 
tacle Rosacex, p. 385 

HHH. Ovary compound. 

I. Water plants: leaves flat and floating, or 

heart-shaped and erect Nymphseacex, p. 361 

II. Land plants. 

j. Ovary compound and 1 -celled. 

K. With central placentaj, many-ovuled: 

plants juicy (wat(iry) Portulacacex, p. 371 

KK. With 2 or more parietal placentsc: colored 

or milky juice Papaveraceae, p. 362 

KKK. With 3 or more parietal placentEp: leaves 
oppo.site: juice not milky: flowers 

yellow, cymose Hypericacese, p. 370 

jj. Ovary compound, several-cellcd: stamens 

monadclphous Malvaceae, p. 372 

GG. The stamens 10 or les.s in number. 

H. Ovary single, 1-celled, simple or compound. 

I. Corolla regular or nearly so. 
j. Se])als and petals 4-5 each. 

K. Leaves alternate. 

L. Stigma 1 Leguminosae, p. 379 

LL. Stigmas 4 Saxifragaceae, p. 393 

KK. Leaves opposite, punctate: flowers yellow. 

Hypericaceae, p. 370 

KKK. Leaves opposite, not punctate^: flowers 

pink, red, white Caryophyllaceae, p. 353 

JJ. Sepals 2: petals 4-5 Portulacaceae, p. 371 

jjj. Sepals 6: stamens hypogynous, opposite 

to the petals Rerberidaceae, p. 360 

II. Corolla irregular. 

J. Fruit a legume Leguminosae, p. 379 

JJ. Fruit a capsule. 

K. Petals 5: stamens 5: pod 1-celled, 3-valved. 

Violaceae, p, 369 

KK. Petals 4: stamens 6, diadelphous: fruit 
2-valved (globular) 1-seeded, indehis- 

cent in Fumaria Fumariaceae, p. 363 

HH. Ovary 2-5-cclIed: fruit dry. 

I. Fruit of 2 drj" seed-like carpels: flowers small, 

umbel led or in heads: stamens 5. .Umhelliferae, p. 397 

II. Fruit a 2-celled pod, silique or silicle, or some- 

times loment, or indehiscent and nut-like: 
flowers not truly umbelled, but solitary or 
in racemes. 

J. Stamens 6: sepals 4: petals (0 or) 4 

Cruciferae, p. 365 
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jj. Stamens 4-8, distinct or moiaadelphous ; fls. 
very irregular: sepals 5, unequal and some 
of them colored, i^ctals 3 (or 5, with 2 
scale-like): pods 2-secded. . . . Polygalace^-, p, 378 
m. Fruit (or ova’y) a 4-celled ciipsule: stamens 2, 

4 or 8: j»etals 0, 2 or 4 Oitagraceap. p. 396 

mi. Fruit (or ovary) a 6-celled capsule. 

J. Leave.® simple, evergreen: seeds minute, 
iiinumt^rable : plants white, or yelk'wish, 
parasitic or saprophytic about the roots 

of trees Ericcceae, p. 423 

JJ. Leaves simple, more or less lohed or divided, 

< apsule 5-10-sceded: or stem succult..it 
and transluceixt: pod walls elastic, each 

cell several-seeded Geraniucex, p. 373 

jjj. Leaves compound, palmately 3-foliolate. . . . 

Oxali.s in Geraniacese, p. 373 
mil. Fruit of 2 follicles, seeds hairy tufted: juice 

milky Asclepindaceap, p. 417 

DD. Gamopetal^: corolla in one piece, at least toward the 
base (as if the petals were more or less united): calyx 
and corolla both jxresent. 

B. Stamens more numerous than corolla-lobes. 

F. Ovary 1-celled, 1 parietal placenta: fruit a legume.. . 

Leguminosae, p. 379 

FF, Ovary 3, several-colled. 

G. The stamens nearly or quite free from corolla: 

stylo 1 Ericac('w, p. 423 

GG. The stamens free from corolla: stylos 5 

Oxalis in ('praniaceae, i>. 373 

GQG. The stamens on base of corolla-tube: filaments 

monadolphous Malvaceae., p. 372 

EE. Stamens as many in number as the lobes of the corolla 
and inserted opposite to the lobtjs: Ov'ary 1-celled: 

style and stigma 1: pod several to many-seeded 

Primulaceae, p. 422 

EEE. Stamens equal in number to lobes of corolla and alter- 
nate with them, or fewer in number. 

F. Ovary inferior, 

G. The stamens distinct, inserted on corolla, 4 or 
5: ovary 2-5-celled. 

H. Leaves whorled or opposite with stipules 

Ruhiaceae, p. 426 

HH. Leaves opposite, without true stipules 

Ca'prifoliaceae, I3. 427 

GG. The stamens inserted on corolla and united by 
anthers. 
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H. Flowers in a head with involucre subtending 

Compositae, p. 431 

HH. Flowers not in involucrate heads, but separate: 

corolla irregular Loheliacese, p. 431 

QGG. The stamens not inserted on corolla and not 
united to each other: no stijmlcs: juice milky.. . . 

Campanulacex, p. 430 


pp. Ovary superior. 

G. Corolla irregular: stamens 4, in 2 pairs: or 2 
stamens: the; ovary deeply 4-lobed around the 
style: fruits 4 dry nutlets: stem square.. Lahiate, p. 400 
GG. Corolla somewhat irregular: stamens 5, inserted on 
corolla. 

H. The ovary decidy 4-lobed about the style 

Echium in Borraginacesa, p. 412 
HH. The ovar>' not lobed: pod many -seeded: fila- 
ments all or some woolly 

Vcrbascum in Scrophulariaceae, p. 405 
QGG. (^orolla regular: stamens equal in number to the 
lobes of the corolla. 

H. Ovaric's 2, distinct: Ivs. opposite: juice milky: 
styles or stigmas united into 1. 

I. Stamens separate, inserted on corolla: corolla 

bell -shaped, funnel- or salver -formed: 

polhui granular, as usual Apocynacese, p. 418 

II. Stamens inonadelphous, anthers attached to 
stigma: a crown of hood-like ap^icndages each 
(containing an incurved horn, borne on the 
stamen-tube: pollen cohering in masses (waxy 

<ir granular) Asclepiadaceae, p. 417 

HH. Ovary 1, de(‘ply 4-lob('d around style (2-lobed 
in H(‘liotropium). 

I. Leaves alternate: plants usually rough-hairy.. . 

Borraginaceae, p. 412 

II. L('aves opposite: stems square 

Mentha in Labiatae, p. 400 

HHH. Ovary 1, not deeply lobed, 1-cellcd: ovules 
parietal, or 2 parietal placentae. 

I. Leaves simple, entire, opposite, exstipulate 

Gentianaceae, p. 417 

II. Leaves toothed, lobed or i:)innately compound, 

mostly alternate Hydrophyllacex, p. 415 

HHHH. Ovar>' not deeply lobed, 2-10-celled. 

I. Leaves none: parasites, twining 

Cuscuta in Convolvulaceae, p. 411 

II. Leaves opposite, without stipules. 
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j. Stamens free from corolla b it inserted with 

it: style 1 Ericacex, p. i^3 

jj. Stamens inserted on tube of "orolla. 

K. Number of stamens 1 m "I sets: ovary 

2-4-'ieUed (cells l-sec ded'... Verberiacese^ p. 403 
KK. Number of stamens 5 or (rarely) more. 

L. Fruit 2 or 4 nutlets. . . .liorraginace^it P« '^12 
LL- Fruit a ^>od, few-seeded. 

M. Calyx 5-lobed: styles 3-cleft 

Polemoniacese, p. 416 
MM. Calyx 5-lobed: style 1 or 2, or 2-eleft: 
o'^arj’^ 2-celled (rarely 3-celled): 
seeds good-sized, 1 or ? per 

generally twining herbs 

ConvolvuHcese, p. 411 

LLL. Fruit a pod, many-seeded, or a berry: 

style 1 Solanaceae, p. 408 

OGGG. Corolla regular or irregular: stamens fewer than 
the corolla-lobes. 

H. Stamens 2: ovary 4-lobed: corolla nearly 

equally 4-lobed Lyeopus in LaWo^a;, p. 400 

HH. Stamens 2 (rarely 3) : ova’y 2-eelled. 

I. Woody plants, shrubs or trees: corolla regular, 

4-el eft Oleacem, p. 420 

II. Herbs: corolla wheel-shaped or salvc^r-8haped, 
with a 4-parted (rarely 5-partod) border, 

or somewhat irregular 

Veronica in ScrophulariaceXf p. 408 


A. CRYPTOGAMS. 

I. FILICES. Feenb. 

Herbaceous and leafy plants, ours without stems or trunks above 
ground, but producing perennial rootstocks: plants flowerless and 
seedless, but bearing sporcjs in sporangia, the latter collected into 
sori which are usually borne on the under side or margins of the fronds 
and which are sometimes covered with an indusium. — Most abundant 
in warm countries, of about 4,000 species, of which about 165 are native 
to the United States. The leaflets of fem-fronds are pinnse; the second- 
ary leaflets are pinnules. 

A. Fruit borne in contracted panicles or on specially con- 
tracted parts of the frond, these parts being devoid 
of resemblance to green leaves. 

U 
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B. Sporangia large and globose, without a ring of special 

cells running around their margin 1. Osmunda 

BB. Sporangia with a ring of prominent elastic cells run- 
ning around the margin, and which are concerned 

in the dehiscence 2. Onoclea 

AA. Fruit borne on the back of green fronds (the fruiting 
pinnse sometimes narrowed but still leaf-like), sporan- 
gia with a ring of elastic cells. 

B. Sori naked (no iridusiuni) 3. Polypodium 

BB. Sori borne under the rcflexed margins of the frond, 
c. Pinnse entire on the lower edge, somew'hat trian- 
gular in outline 4. Adiantum 

CC. Pinnse toothed on both margins, oldong in outline... 5. Pteris 
B. Sori covered with a distinct scale-like indusium. 

c. Shape of sori oblong 6. Asplenium 

CC. Shape circular. 

D. Indusium circular-pciltate, without a sinus 7. Polystichum 

DD. Indusium reiiifonn, or if circular with a narrow 

sinus 8. Aspidium 

1. OSMt^NDA. Flowerincj Fern. 

Strong ferns from stout cree])ing rootstocks, with large, pinnate fronds: 
sporangia covered with interwoven ridges, but wanting the elastic ring of 
most ferns. Inhabitants of bogs and wet woods. 

O. reg&lis, Linn. Royal fern. Top of the frond contracted into a fruit- 
ing panicde: frond 2-pin- 
nate, the pinna? oblong, ob- 
tuse, and nearly entire. 

O. Claytoni&na, Linn. 
Fig. 479. Two to four pairs 

of piiinjE near the middle 
of the frond coatracted into 
fruit-bearing parts: pinnse 
linear-lanceolate and acute, 
deeply lobed. 

O. cinnamdmea, Linn. 
Cinnamcm fern. Fig. 479. 
Some fronds entirely con- 
tracted into fruiting parts, and these cinnamon colored (whence the ver- 
nacular name): sterile form with the fronds much like those of 0. Clay- 
toniana in shape except more acute at top. 

2. OHOCL£a. Sensitive Fern. 

Mostly rather strong ferns, with broad sterile fronds and with the fertile 
fronds rolled into hard contracted fruiting bodies, which remain after the 
sterile leafy fronds have perished: sporangia with an elastic marginal ring 
of cells. Bogs and old springj" fields. 
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O. sensfbilis, Linu. SmsUive fern. Brake. P'ig. ?37. Sterile frond 
triangular-ovate, the pinna not extendin?* t;uiTe lo tht midrib and toothed: 
fertile frond usually lower than the other (1-2 ft. nigh), with a few pinnae. 
Common in old pasturof. 

O. Struthiopteris, Hoffni. Ostrith fern. Very tall (2-5 ft.), the 
sterile fronds narrow, onee-piunate, with long-lanceolate at ite-lobed 
pinna: fertile fronds much shorter, blackish, vdth many pinnae. 

3. POLYPdDIUM. PoiiYPODY. 

Small ferns, with simple or onto- pinnate fronds Pom slender creeping 
rootstocks: sori round, horiu' at the ends of little \oins. On dry cliffs. 

P. vulg^re, Linn. Common polypody or polypode. Figs. 333, 334 
Fronds a foot or less tall, narrow-oblong in outline, pinnatifid, the lobes 
nearly or f 4 uite entire: fertile piimaj not contracted. 

4. adiAntum. Maidenhair Fern. F»g. 336. 

Small ferns with couiX)ound forking fronds and wedge-shaped or some- 
what triangular pinnsp, shining stipes or petioles, and sori borne at the 
ends of the veins under the reflexed margins of the pinnae. 

A. ped&tum, Linn. Common maidenhair. Plant 2 ft. or less high, the 
leaves forking into several or many long pinnaB which bear broad pinnules 
notched on the upper margin. Cool, shady woods. Very graceful. 

5. PTi:Ris. Brake. 

Coarse ferns of mostly dryish places, wdth long pinnae: sporangia borne 
beneath the reflexed margin of the pinnules, on small, transverse veins. 

P. aquilina, Linn. Common brake. Figs. 139, 335. Fronds broadly 
triangular, twice- or thrioe-pinnate, the xiirmules long-lanceolate, acuminate, 
and lobed. Common in sunny places: perhaps our commonest fern. Two 
to 3 ft. high, growing in patches, particularly in burned areas. 

6. ASPLfiNIUM. Rpleenwort. 

Middle-sized ferns, mostly with pinnate leaves: sori oblong or linear, 
borne on the upper side of a veinlct, or back to bark on opposite sides of 
the veinlet, these veinlets not interwiyven. 

A. Filix-fdemina, Linn. Lady-fern. Large, the fronds 2-3 ft. tall, 
growing many together, twice-pinnate, the pinnules oblong-pointed and 
sharp-toothed: sori short and close together, at maturity becoming more 
or less continuous. A very common fern in moist woods and copses. 

7. POL'^STICHUM. Christmas Fern. 

Much like the last in general appearance, but the sori circular and 
covered with peltate indusia. 

P. acrostichoides, Kuntze (Asjyidium acroatichoides, Swartz). Chriatmaa 
fern. Figs. 331, 332. Fronds 2 ft. or less tall, narrow, once-pinnate, the 
pinnae serrate and bearin" a larger tooth on the upper side near the base, 
the terminal part of the frond somewhat contracted in fruit. Common in 
woods. Nearly or quite evergreen. 
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8. ASPlDIlTM. Shield Fern. 

Resembles Polystichum but with reniform indusia or, if circular-peltate, 
having a distinct sinus along one side. 

A. Thelypteris, Swartz {Dryopteris The- 
lypteris, Gray). Marsh shield fern. Fronds 
standing 2 ft. high, long-pointed, once-pin- 
natc, the pinnEe many-lobcd, the margins of 
th(5 fertile fronds revolute. 

A. margin&le, Swartz [Dryopteris mar- 
ginalis. Gray). Fig. 480. Large, handsome 
fern growing in woods and ravines, 2 ft. 
high: fronds once-!)iimate, the pinnae pinna- 
tifid and lance-acuminate: sori large and close to the margin of the frond: 
petiole chaffy. 



480.' Aspidium marginale. 


AA, PHENOGAMS: B. GYMNOSPERMS. 

II. CONlFERiE. Cone-bearing or Pine Family. 

Woody plants, mostly trees, with resinous sap and stiff needle- 
shaped or scale-like, mostly evergreen leaves: plants bearing no ovaries, 
the ovules lying naked and receiving the pollen directly: flowers 
diclinous (usually moncecious), generally in scaly catkins, those cat- 
kins bearing the pistillate flowers maturing into cones but sometimes 
becoming berry-like (as in junipers). Above 300 species, one-thifd 
of which inhabit North America: particularly abundant in elevated 
and mountainous regions. 

A. Cone dry, with overlapping scales. 

B. Scales many and cones 1 in. or more long. 

c. lAiave.s long and needle-like, in sheaths or bundles of 


2-5, persistent 1. Pinua 

cc. Leaves short, scattered, persistent. 

D. In cross-section, Ivs. 4-sided: sessile 2, Picea 

DD. In cros.s-section, Ivs. fiat: short-petioled 3. Tsuga 

ccc. Leaves short but very slender, in clusters, deciduous. 4. Larix 

BB. Scales few (3-12), the cones about in. long 5. Thuja 

AA. Cone modified into a fleshy, berry-like body 6. Juniperus 


1. PlNUS. Pine. 

Trees with long, persistent, needle-shaped, angled leaves, in bundles of 
2-5, and with scale-like deciduous leaves on the young branchlets: sterile 
catkins usually borne at the base of the new shoot: fertile cones maturing 
the second year, often hanging on the tree for years: cotyledons several. 

P. Strdbus, Linn. White pine. Figs. 158, 299. Large forest tree, much 
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used for lumber: leavt*s long a.id soft, light green, in 5’s: cones long and 
symmetrical, with thin-edged scales, ter ninai or the shoots and falling 
after shedding the seeds. Grows as far 
south as Georgia. 

P. palustris, Mill. Long-leaded pine. 

Very tall tree, with nearly smooth bark: 
leaves very long and slender (ustially a 
foot or more), clusters at ^he ends of ih ' 
branches, in S’s: cones G in. or more 
long, the scales tipped with a sVort 
curved spine. Lumber tree. Virginia, 
south. 

P, rigida, Mill. Pitch jjine. Fig. 481. 

Medium-sized or small tree with rough 

dark bark: leaves short and stiff, usually , 

m 3 s; cone 2-3 ni. long, conicivl, the old open cone at the left, 

scales with a short spine. Grow's as far 

south as Virginia; common in pine barrens of the north Atlantic coast. An 
eastern species. 

P. sylv^stris, Linn. Scotch pine. h’ig. 482. Medium-sized tree, with glau- 
cous green leaves in 2’s: cone short, the scales tipped with a prickle or point. 




Europe; very commonly 
planted. 

P. austriaca, Hobs. 
Austrian pine. Fig. 482. 
Large tree with rough 
bark, and long, dark 
green stiff lejn’cs (about 
6 in. long) in 2*8: cone 
about 3 in. long, the 
scales not prickly. 
Euroijc, commonly 
planted; a coarser tree 


482. Piiius sylvestris (left). Pmus austriaca. than the Scotch pine. 


2. PiCEA. Spruce. 


Trees of medium or large size, with short, scattered leaves: cones 
maturing the first year, hanging at maturity, their scales thin. 

P. Abies, Karst. (P. excelsa, Link). Norway spruce. Figs. 297, 298. 
Becoming a tall tree: cones 5-7 in. long, the large scales very thin-edged. 
Europe, but the commonest of planted evergreens. Until 25-^0 years old, 
the trees are symmetrical cone-shaped 
specimens, holding their lower 
branches. 

P. mari&na, B.S.P. (P. nigra. 

Link). Black spruce. Fig. 483. Becom- 



483. Picea mariana. 
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ing a middle-sized tree, with dull, dark foliage; cones 1}^ m. or less long, 
usually hanging for several years, the edges of the scales often irregular. 
Cold woods, as far south as North Carolina in the mountains. 



484. Tsuga canaclcnais. 


neath : cones not an inch long, compact, 
used in tanning. 


3. TStJGA. Hemlock Spruce. 

Differs from Picea in having 
flat 2-ranked petioled leaves: cones 
hanging on the end of last year’s 
branches. 

T. canadensis, Carr. Hemlock. 
Fig. 484. Large forest tree, with 
deep-furrow’cd, dark bark and 
coarse wood : leaves whitish be- 
C^ommon lumber tree. Bark much 


4. LARIX. Larch. 

Trees of medium size: leaves soft, short, in fascicles or clusters on 
short branchlets, falling in autumn: cones much like those of Picea, but 
standing erect at maturity. 

L. decidua, Mill. (L. eurojHra, DC.). European larch. Leaves 1 in. 
long: cones of many scal(‘s, about 1 in. long. Planted for ornament and 
timber. 

L. laricina, Koch (L. amcricana, Michx.). Tamarack. Hackmatack. 
Leaves shorter and pale in color: cones of few scales, 3^ in. or less long. 
Swamps. 


5. TH&JA. ArBORVITvE. » 

Trees, becoming larger: leaves opposite, clost‘ly appressed to the branch- 
lets, the latter frond-like: cones small, oblong or globular, of few scales. 
Leaves aw4-like on new growths and scale-like on the older growths. 

T. occidentilis, Linn. Arborvitcc. White cedar of some places. Fig. 
485. Cones ] 2 im or less long, bearing 2-wiiiged seeds. Swamps and cold 


woods, as far south as North f’arolina in 
the mountains. Ver>' comnionly planted 
as a hedge evf*rgreen an<l as single speci- 
mens, but in the wild becoming very large 
trees and much used for telegraph poles. 

6. JUNfPERUS. Juniper. 

Small trees or shrubs, with opposite 
or whorled aw4-like leaves (often of two 
kinds) : fertile catkin of 3--0 fleshy scales 



485. Thuja occidentalis. 


which cohere and form a berry-like fruit containing 1-3 hard seeds. 


J. communis, Linn. Common juniper. Shrub, erect or usually spreading 
and lying close to the ground, with leaves in whorls of 3 and all alike (awd- 
like): berries large and smooth. Banks and sterile ground. 
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J. virgini&na, Linn. Red cedar. Savin. Snmali tree or large shrub, 
usually narrow pyramidal in growth, with leaves of two kinds (scale-like 
and awl-like, the foiTner small and lyir'g close to the liranch): berry glaucous: 
heart-wood red and highly scented. Common on hanks and in old fields. 


BB. ANGIOSPERMS: C, MONOCOTYLEDONS. 

II J. A.RACEJE. Akum Family. 

Perennial herbs, with rhizomes or corm-like tubers and acrid juice: 
flowers minute, often diclinous and naked, borne on a ‘"padix and 
surrounded or attended by a sjiathe: fruit usually a berry, the entire 
spadix usually enlarging and bearing the coherent berri.;s in a large 
head or spike. Leaves often n<;tted-vc!ned. Mostly tropical plants, 
and some of temperate regions, many of them odd and grotesque. 
Genera about 1(X); species about 1,(KK). Representative plants are 
skunk cabbage, jack-in-tlie-pulpit, calla, caladium, anthurium. 


A, Loaves compound 1. Ari&aema 

AA. Leaves simple. 

B. Spathe hooded or roofed at the top 2. Symplocarjms 

BB. Spathe open or spreading at the toj) 3. Richardia 

BBB. Spathe open and spreading for its whole length 4. Calla 

BBBB. Spathe separated from si>adix, appearing lateral. . . .5. Acorua 


1. ARIS^MA. Indian Turnip. Jack-in-the-Pulpit. 

Stem arising from a (;orm-lik(‘ tuber, and bearing 1 or 2 compound leaves 
with sheathing petioles: flowers nuked and diclinous, “^he pistillate at the 
base of the spadix and the staminate above them (or the plant dioecious), 
the top of the spadix not flower-bearing; staminate flowers of a few sessile 
anthers, and the pistillate with 1 sessile ovary, which ripens into a red few- 
seeded berry. Plants of spring or early summer, in rich woods. Tuber 
very pungent, often used in domestiti medicine. 

A. triphjrllum, Schott. J ack-in-the-pulpit. Common Indian turnip. 
Fig. 251. Leaves usually 2, each bearing 3 oblong elliptic pointed leaflets: 
spathe purple-striped, curving over the spadix. 

A. Drac6ntium, Schott. Dragon-root Leaf usually 1, with 7~11 narrow 
oblong leaflets: spathe greenish, shorter than the spadix. 

2. SYMPLOCArPUS. Skunk Cabbage. 

Leaves and flowers arising from a strong rootstock, the Ivs. very large 
and appearing after the spathes: fls. perfect, each with 4 sepals, 4 stamens 
and single ovary which is sunk in the fleshy spadix: fruit made up of the 
fleshy spadix with imbedded fleshy seeds: spathe pointed and arching, in- 
closing the spadix. Common in wet meadows in the northeastern states. 
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S. fdetidus, Nutt. Spathes purple, arising in the earliest spring: leaves 
very large (often 2 ft. long), simple and entire, ovate, in tufts. The tufted 
leaves and fetid odor give the plant the name of skunk cabbage. 

3. RICHARDIA. CajjLa Lily. 

Leaves several from each short rootstock, their pe- 
tioles sheathing the flower-scape: flowers naked and 
diclinouH, the stamens above and the 3-loculed ovaries 
below on the spadix: spathe large and showy, the top 
flaring and the base rolling about the spadix. Several 
species are cultivated, but the following is the only com- 
mon one. 

R. afriedna, Kunth. Calla or Calla lily of gardens. 
Fig. 486. Leaf-blades broadly arrow-shaped, simple and 
entire, cross-veined, glossy: spathe white and wax-like. 
Cape of Good Hope. 

4* CALLA. Water Arum. 

Differs from the above in having a spathe which docs not inclose the 
spadix, and mostly perfc'ict flowers (the upper ones sometimes staminate), 
each of 6 stamc'ns and 1 ovary: fruit a red berry. One speciies. 

C. palflstris, Linn. True calla. Fig. 487. Leaves about 1 ft. high, the 
blades arrow-shaped: spathe about 2 in. long, white on the upper face. 
In cold bogs, north. 

5. Acorus. Sweet Flag. Calamus. 

Erect, having long, horizontal, branching root-stocks, thick and aromatic: 
leaves sword -shap('d, rising from the rootstocks: scapes 3-angled, bearing 
each a cylindric spadix, but much jjrolonged and leaf-like, causing the 
spadix to appear as if borne on the side of the leaf-like scape: flowers on a 
very dense spadix: ovary oblong, 2-4-celled, with 2-8 
ovules in each cell. 

A. C&lamus, Linn. Sweet fiag. Calamus-root, Along 
the margins of streams, in swamps and wet soils. 

Leaves 2-3 ft.: flowers greenish-yellow, very small. 

May to July. The rootstocks supply “sweet flag roots’* 
of the druggists. 

IV. LILIAcE.®. Lily Family. 

Herbs, with bulbs, corms, or large rootstocks: 
fls. mostly regular and showy, the perianth of 6 
separate or coh(^rent parts, the stamens usually 6 and standing in front 
of the parts of the perianth : ovary superior, usually 3-loculed, ripen- 
ing into a capsule or berry. About 200 genera, including more than 



487. Calla palustris. 



486. Richardia 
africana. 
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2,000 widely distributed species. Characteristic )Jants are lily, lily-of- 
the-valley, onion, Solomon’s seal, tulip, trillruin, hyacinth, asparagus, 
yucca. 

A. Fruit a loculicidal capsule. 

B. Style 1, undivided. 

c. Plant bulbous: root-leaves not in large dujups. 

D. Stem tall and leaL* 1. TAtium 

DD. Stem short, with only 2-6 leaves. 

E. Flower erect 2. Tuliim 

EE. Flower nodding 3. Erythronium 

DDD. Stem naked, hearing mrmy flowers. 

E. Perianth tuliular. 

E. Flowers funnel form, throat open: lobes 
spreading or reciirved, as long as the 


tube 4. Hyacinthus 

FF. Flowers urn-shaped, constricted at throat: 

lobes much shorter than tube 5. Muhcut. 

EE. Perianth parted nearly to base 6. Ornithogalum 


cc. Plant with a rootstock, and large clumps of 
leaves. 

D. Flowers yellow and paniculate on r somewhat 

branching scape 7. HemerocalHs 

DD. Flowers white or blue, mostly in a simide 

raceme 8. Funkia 

BB. Style 1 at base, but 3-cleft or 3-parted: flowers 

bell-like, drooping, yellow 9. Vvvlaria 

AA. Fruit an angled berry: styles or stigmas 3: leaves 

broad and netted-veined 10. Trillium 

AAA. Fruit a globular berrj^: style 1: fls. small white, or 
greenish. 

B. Foliage made up of (;ladophylls, the true leaves 
being mere scales: stamens borne on th(^ base 


of the small corolla 11. Asparagus 

BB. Foliage of ordinary leaves: stamens borne? on the 
corolla-tube. 

c. Perianth of 6 parts, separate 12. Smilacina 

cc. Perianth of 4 parts 13. Maianthemum 

ccc. , Perianth gamosepalous, with 6 lobes. 

D. Flowers racemose on a scape 14. Convallaria 


DD. Flowers hanging from the axils of the leaves.. 15. Polygonaturn 

1. LfLHTM. Lilt. 

Strong-growing bulbous herbs, with leafy stems usually bearing several 
or many flowers: perianth bell-shaped or funnelform, the 6 divisions nearly 
or quite separate and spreading or recurving and having a honey-bearing 
groove at the base: anthers attached by the middle (versatile). 
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a. Flowers white. 

L. longifldrum. Thunb. Easter lUy. One to 4 ft., with scattered long- 
lanceolate pointed leaves: flowers 6-8 in. long, horizontal, scarcely 
widened from the base to the middle, fragrant. Japan and China, now 
much cultivated under glass. Many of the bulbs are grown 
in the Bermuda Islands, whence the name “Bermuda lily.” 

L. c&ndidum, Linn. Common white lily. Leaves broad- 
lanceolate, scattered: flowers numerous, 5 in. or less long, 
widening gradually from the base. Europe. Common in 
gardens. 

aa. Flowers in shades of yellow or orange, 

L. philadelphicum, Linn. Fig. 488. Flowers 1-3, erect, 
2-3 in. long, orange-red and spotted, the divisions separate: 
leaves whorlcd. Dry soil. 

L. canadense, Linn. Wild orange-red lily. Wood lily. Two 
to 5 ft., with leaves in whorls and bulbs producing rhizomes 
or runners: fls. several or many, erect or horizontal on long 
stalks, the divisions spreading above the middle, orange or 
red and spotted. Meadows and swales. 

L. sup6rbum, Linn. Turk's-cap lily. Fig. 489. Ve^ry tall, 
bearing several or many nodding rod-orange spotted flowers 
in a panicle, the .segiiieiits all pointing backward. Meadows 
and low grounds. 

L. tigrinum, Ker. 7Hger lily. Fig. 31. Fotir to 5 ft., 
bearing a loose cottony covt'ring on the stems: leaves sessile, 
scatterc'd, lanceol.ate: flowiTS many, nodding in a panicle, 
orange-red and black-spotted, the divisions about 4 in. long 439 T.ii iiiTn 
and rolled back. C/hina and Japan; old gardens. superbum. 

2. TtLIPA. Tulip. 

Low bulbous plants with a few leaves near the ground on the 1-flowered 
stem: flower large, er(^ct, the 0 divisions erect or flaring: capsule triangular. 

T. Gesneri4na. IJiin. Common tulip. Leaves 3 -6, broad: peduncle 
glabrous: di\isions of the flowi'r broad at the end, with a 
very short point in the center: late-Uooming tulips, orig- 
inally from Asia Minor. 

T. suaveolens, Roth. Due Van Thol tulip. Early and 
dwarf, with fewer leaves, downy peduncle, and acuminate 
segments. Caspian Sea; common in cultivation. 

3. ERYTHROWTUM. Dog’s-tooth Violet. 

Low herbs with deep-seated conical bulbs, and scape 
with 2 leaves near the ground: flower nodding, the 6 divi- 
490. Erythronium sions wide-spreading or recurved, the style long and club- 
amerioanum. shaped. Blooming in earliest spring. 





488. Lilium 
philadelphioum. 
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E. americinum, Smith. Cohimon doq's-taoth violet, or adder* s^tongm. 
Fig. 490. Leaves thickish, oblong-lanceolate, mottle J with purple: flo w r 
light yellow, nodding on a. stem 3-6 in. tall- t,ow gnmnijs. 

E. ilbidum, Nutt. White adder* s-torigue. Lea* (‘-s scarcely mottled* 
flowers whitish. Low grounds. 

4. HYAClNTHUS. Hyacinth. 

Low plants, with large bulb;-, producing many flowers in siiikea or dense 
racemes on a short seiipt', the leaves arising directly from the bulb: flowers 
bcill-shaped or funnelforin, the G lobes spreading or curling back. 

H. orientilis. Linn. Cowman hyacinth. Fig. 18G. Early spring, the 
flowers of many (colors and Hom».'times double, the picrianth-tube swollen, 
the oblong-spatulate. lobe.^ as long as the tube. Cireece to i^.sia Minor. 

Var. Slbulus, Ihik(‘r. Roman hyacinth. Flowers fewer and usually 
smaller, white or nearly so, the perianth-tube scarcely swollen ar'd the lobes 
shorter. France. Much cultivated. 

5. MUSCARI. Grape Hyaiunth. 

Low herbs, with very narrow, somewhat fleshy leaves and small flowers 
in a raceme: perianth deep blue or white, the tube ventri»*ose or urn-shaped, 
with 6 short blunt t(‘oth. 

M. botryoldes. Mill. Grape hyacinth. Fl jwers faintly odorous, nod- 
ding, deep) blue: scape 4-10 in.: leaves linear, obtuse, erect, becoming longer 
than scapes. In gra.ss about gardens and lawns in very early spring; also 
escaped in some pflaces to meadows and along roadsides. Asia. 

0. ORHITHdGALUM. Star of Bethlehem. 

Stemless low herbs, with narrow linear, fleshy, channelled leaves: 
flowers in terminal clusters, usually with conspicuous bracts: perianth 
of 6 parts, white, spreading, veined: stamens G, hn>f:‘ :>nous: filaments 
flattened, subulate: ovary sessile, 3-cell(‘d: capsule roundish, 3-angled: 
seeds few, black. 

O. umbell&tum. Linn. Scape 4-10 in.; flowers 6 S, on long spreading 
pedicels: sepals white, each with green band outsidf?. C'ommon about 
gardens. Introduced from Europe. Early spiring. 

7. hemerocAllis. Day-lily. 

Strong-growing plants from tuberous roots, producing clumps of long 
swoid-shapcd leaves: flowers yc*llow or orange, erect, large and lily-like, in 
clusters or panicles on a tall, branching scape, the divisions widely spiread- 
ing at the top. Old World, but common in gardens. 

H. ffllva, Linn. Orange day-lily. Flowers tawny orange, produced in 
early summer, the inner perianth divisions nearly or quite obtuse. The 
commonest species, and often escaped along roadsides. 

H. fl&va, Linn. Yellow day-lily. Plant somewhat smaller, early- 
blooming: flowers fragrant, pure lemon-yellow, inner divisions acute. 
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8. FtJNKIA. White and Blue Day-lily. 

Medium-sized plants, producing dense clumps of broad-bladed leaves 
from rootstocks: flowers blue or white, in racemes on scapes, each flower 
sheathed at the base by 1 or 2 bracts, the perianth-tube long and the limb 
sometimes irregular. China and Japan ; planted by houses 
and along walks. 

F. subcordHta, Spreng. White day-lily. Fig. 491. Leaves 
broadly cordate-ovate: flowers large and white, in a short 
raceme, not drooping. 

F. ov4ta, Spreng. {F. caeriilea, Sweet). Blue day-lily. 
Fig. 492. Leaves broadly ovate: flowers deep blue, in a long 
raceme, nodding. 



9. UVULARIA. Bellwort. “Wild Oats.” 

Low, erect plants, with short rootstocks: stems with 
leaves alternate above, sessile or perfoliate, parallel-veined: 
flowers y<*llow, drooping, solitary at the end of the forking 
stems, the i)orianth elongated, bell-shaped, of 0 similar, 
distinct, narrow sepals, each bearing a nectar gland at in- 
side base. Spring-flowering wood plants. 

U. grandifldra, Smith. Larae-Jlouyered Bellwort. Commonly 1-2 ft. 
tall: leaves oblong, whitish-pubescent besneath, and perfoliate: perianth 
smooth on inner surfaces. Common in rich woods. Blooms a little earlier 
than U. perfoliata. 

U. perfoliUta, Linn. SmallcT than the preceding: glaucous, leaves per- 
foliate: perianth segments twisted, covered on inner surface with shining 
grains (papillostO^ flowers somewhat fragrant, pale 
yellow. C/ommon in moist woods. « 

U. sessilifdlia, Linn. {Oakesia sessUifolia), Straw 
lily. Leaves sessile, lance-oval, thin, smooth, pale be- 
neath: stem angled, slender and zigzag: flower green- 
ish-yellow, about 1 in. long. Woods. 

10. trIllittm. Wake-rubin. 

Low herbs from deep-seated corm-like tubers: 
leaves 3 in a whorl, broad and nett ed- veined : flower 
single, of 3-colored petals and 3 green sepals, the 
latter persistent until the angled, many-seeded berry 
ripens; stigmas 3, often sessile. Plants of earliest 
rich woods. 



‘T 

492. Funkia ovata. 
spring, growing in 


a. Flower sessile in the leaf-whorl. 

T. sissile, Linn. Flowers dull purple, the parts narrow, pointed, and 
nearly erect: leaves sessile, ovate, often blotched with purple. Pennsylvania, 
west and south. 
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aa. Flower stalked in Ike leaf-whcd. 

T. grandifidrum, Palish. Common wo.he-rohin, birthroot. Fig. 244. 
Flowers large and white, the peduncle standing erect or nearly so, the 
petals broadest above the middle vobovate) and l'“ 2 f 2 h*- long: leaves broad- 
ovate, sessile or nearly so. Flowen. bec^omo rost;-i)ink with age. 

T. erSetum, Linn, l^^lowcrs smaller, ill-.jcented, varyiiig from white to 
pink and purple, the peduncle erect or declined, thf petals ovate oi lanceo- 
late and spreading: leaves Lroad-ovato. I’reciuent North, and south to 
Tennessee. 

T. cernuum, Linn. Flowei*s not larae, white, the peduncle declined under 
the broad leaves; petals ovaLe-lanceolate, rolled back, liange (.f the last. 

T. unduldtum, Willd. Pain*ed wake-robin. Flowers on peduncles 
erect, or partly declined; segniraits ovate, or ovate-lanceolate, .nargined, 
thin, widely spreading, white, penciled with puridc stripes at base; sepals 
half as long as petals: leaves ovate, taper-pomt'^'d, distinedy petioled, 
obtuse or rounded at the base. Cool damp v/oods, from New Brunswick to 
Georgia, and west. 


11. ASPArAGUS. Aspara(5us. 

Mostly tall, often climbing plants with cladophylla and very small 
scale-like true leaves: flowers white or greenish, small, bell-shaped, scat- 
tered or in groups of 2 or 3 : fruit a 3-loculed and 1-6-seeded small berry. 

A. officindlis, Linn. Common asparagus. Figs. 

159, 160. Erect and branchy, the strong young 
shoots thick .and edible: berries red. Europe. 

A. plumdsus. Baker. Fig. 161. Twining, with 
dark, frond-like foliage, small white flowers and 
black berries. South Africa; greenhouses. 

A. medeoloides, Thunb. Smilax of florists (but 
not of botanists). Fig. 493. Twining: foliage broad 
and leaf-like: flowers solitary and fragrant: berries dark green. 

Africa; much grown by florists. 



493 

Asparagus medeoloides. 

South 


12. SMILACtNA. False Solomon’s Seal. 

Low, erect plants with many small white flowers in racemes or pani- 
cles: perianth 6-par ued: fruit a 3-loculed berry: rootstock creeping. 

S. racemdsa, Desf. False spikenard. About 2 ft. tall, somewhat downy, 
with many oblong or oval leaves: flowers in a panicle: berries pale red, 
speckled. Spring and early summer. Rich woods. 

S. stelldta, Desf. Nearly or quite smooth: leaves narrower: flowers in 
a simple raceme. Forms patches in low ground. 

13. MAIANTHEMUM. Two-leaved Solomon’s Seal. 

Neat little herbs, with slender rootstocks: stems unbranched, few- 
leaved: flowers small, in an open raceme, with usually 2 or 3 pedicels 
together; perianth of 4 ovate, obtuse, spreading segments, united at base: 
fruit a globular 1-2-seeded berry. One species in eastern North America. 
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M. canadense, Dcsf. Slonder stom, .3-6 in. high, terminated by the 
many-flowered raccimc: flowers white: leaves ovate, cordate at base, short- 
stalked. Conimon in moist woods and on shaded banks, making mats or 
patches. May to July. 

14. CONVALLARIA. Lily-of-the-valley. 

Low, spring-flowering hfirljs from branching rootstocks: flowers gamo- 
petalous, white and waxy, nodding in a 1-sidcd raceme, the 6 short lobes 
recurving: fruit a red berry. 

C. majUlis. Linn. Leave.s olJong, immerous from the rootstocks, form- 
ing mats, and about 2 with each scape: flowers verj^ fragrant. One of the 
best-known garden flow<Ts. lOurope. The only species. 

15. P0LYG6NATUM. Solomon’s Seal. 

Mostly strong plants fnim long running rootstocks on which the scars 
of preceding stalks an* very c*vident (when<te th(^ eoninion name): stems 
leafy, bearing nodding ganiosepaloTis flowers in the axils: fruit a globular, 
dark-colored berry. Rich woods, sxjring. 

P. commutiltum, l)i(!tr. Three to 5 ft. tall: leaves ovate, somewhat clasp- 
ing: jjcdunclcs in each axil, 2- b-flowered : filaments not roughc*ned. 

P. bifldrum, Ell. One to .3 ft.: leaves oblong, n(*arly sessile, somewhat 
glaucous, hairy: i^cduncles usually 2-flowercd: filaments roughened. 

V. COMMP]LINACEiIC. Spideuwort Family. 

Herbs, annual or xiereimial, with flat, narrow leaves, sheathing 
at base: roots fibrous, sometimes thickened: flowers regular or irreg- 
ular, perfect, usually showy, in terminal cymes, usually borne above a 
leafy or spathe-like bract; sej)als .3: petals 3, soon decaying or falling; 
stamens 6, hypogynous, some of them often deformed or abortive: 
ovary 2-3-cell(Hl, st^yle single, stigma entire or somewhat lobed: juice 
slimy or mucilaginous. More than 300 species, mainly belonging to 
tropical regions. 

A. Flowers irri*gular, inclosed in cordate spatho-like 

floral leaf; iierfect stamens 3 (rarely 2) 1. Commelina 

AA. Flowers regular, or nearly so; bracts leaf-like; 

stamens 6 2. Tradescantia 

AAA. Flowers somewhat irregular, tubular, usually in pairs: 

trailing habit, easily rooting at nodes 3. Zehrina 

1. COMMELtNA. Day Flower. 

Phmts erect or partly procumbent and rooting at joints, succulent, 
branching: leaves petioled or sessile, the floral leaf or spathe cordate: 
flowers recurv’^ed on their pedicels and hooded by the floral leaf before and 
after flowering, open for a short time only. 
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C. Tirglnica, Linn. Stem ttlabrous or soinenhat downy, ascending 1-2 
ft.: leaves lanceolate to linear, acvniiuatc: flowers 1 in. wide, the odd pcfn) 
very small. In moist soil. 

2. tradescAhtia. SlTDERWOiri’. 

Mucilaginous herhs, with stout, succulent stems, simple or branched: 
leaves elongated, narrow, keeled, sometimes purple- veined: flowers in ter- 
minal and axillary um belled clusters, with leaf-iik j Ijracts, not tubulai ; 
filaments glabrous or bearded. 

T. virginiUna, Linn. 1‘lant green, erect, with linear leases: flower- 
clusters showy, terminjil; corolla over 1 in. broad, the .‘i petals deep blue 
(rarely white), longer than sepals; filaments blue, and clothed *vith hairs. 
Cultivated and wdld; mostly in ricti soil. Very variable. FIowits quickly 
fading by becoming mmalaginoiis, but pioducc‘d all sumniei. 

T. pildsa, L(ihm. Stout, mure or less zigzag, sterns soft-hairy or nearly 
smooth; leaves lanceolate, tapering at apex, nan owed d base, hany on both 
sides; cymes terminal and axillary, or on ^llo^t axillary branc In s: flowers 
^i-1 in. wide. In rich moist soil, wroods and thickids, or in shadi'd jilaces. 

T. flumin4nsis. Veil. One of the greenh(Aise plants known as Wandering 
Jew (see Zebrina), but leaves usually green and flowiTS white. South America. 

3. ZEBRiNA. W^ANDElllNG ,IeW, 

Low, trailing or partially climbing, rooting readily at the nodes, and 
branching: loaves often striped wdth purple, green, white, thick and ovate: 
flowers small, nioni or h'ss irri'gular, tubular, usually in pairs. 

Z. pendula, Schiiitzl. Stems trailing, perennial: corolla 3-parted, 
roseate: calyx with short tube, 3-parted: ovary 3-eeiled, 3-0 ovuh'd: leaves 
ovate or oblong, heavy or succulent green and silver strip(‘s above, purple 
beneath. Much used for vases and baskets. A native of Mexico. 

VI. AMARYLLIDACEiE. Amaryllis Family. 

Differs from Liliacea^ chiefly in having an appanmlly inft^rior ovary 
and in bearing its flowers inort^ uniformly on scaji 's. More than 600 
species in nearly 70 genera, widely dispej-.s{'d. Rc'presentative plants 
are narcissus, daffodil, snowdrop, tubcTosc;, ainai-yllis. Plants of 
the first three gtRicra may b(^ grown from bulbs in tlie school-room. 

A. Plants from coated bulbs; stem a leafless scape. 


B. Perianth with a crown or cup in its center 1. Narcissus 

BB. Perianth with no cup. 

c. Anthers and style pointed 2. Galanthus 

cc. Antliers and style blunt 3. Leucoium 

AA. Plants from tuberous rootstocks or corms. 

B. Stem tall and leafy 4. Polianthes 

BB. Stem a low, leafless scaiie 6. Hypoxia 
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1. NARCISSUS. Narcissus. Daffodil. 

Low plants producing from 1 to many 6-parted flowers on a scape which 
arises from a tunicated bulb: perianth with a long tube and bearing a cup 
or crown in its center. Old World, but frequently 
cultivated. 

a. Crovm as long as, or longer than, the 
divisions of the periarUh. 

N. Pseudo-Narcissus, Linn. Trumpet narcissus. 
Common daffodil. Scape 1-flowered, the flower large 
and yellow with a relatively short tube and a wavy- 
edged crown. Leaves flat and glaucous. Double forms 
are common in gardens. 

494. aa. Crown half or more as long as the divisions 

NaroisHus Tazetta. of the perianth. 

N. incompar&bilis, Curt. Scape 1-flowered, the flower about 2 in. or 
more across, yellow, the cylindrical tube 1 in. long, the crown plaited and 
usually a deeper yellow: leaves flat and glaucous. 

aaa. Crown less than half the length of the division, 

N. Tazetta, Linn. Polyanthus narcissus. Chinese sacred lily. Fig. 494. 
Flowers st^veral to many in an umbel, yellow or white, small, the crown 
usually darker colored and usually somewhat scalloped: leaves flat and 
somewhat glaucous. One of the commonest kinds. The narcissus known 
to florists as “Paper-white” is a white-flowered form of this 
8])ecic‘s. 

N. po6ticus, Linn, PoeVs narcissus. Scape rather slender, 
usually l-flow('red, the flowc'r white with the thick rim of 
the very short crown margined with red : leaves flat, glaucous. 

N. Jonquflla, Linn. Jonquil. Scape 2-~5-flowcred, the 
flowers small and yellow, the tube slender and the segments 
wide-spreading: leaves linear, somewhat cylindrical. 

2. galAnthus. Snowdkop. 

Small, spring-bloonnng plants, with a single white flower 
nodding from the top of the scape, followed by grass-like 
leavc's: {)erianth divisions 6, oblong and more or less con- 
cave, the three inner onc;s shorter, some of them usually 
green-blotched at the tip; antluTs and style pointed. 

G. niv&lis, Linn. Snowdrop. Fig. 495. One of the earliest of spring 
flowers, appearing as soon as the snow is gone, the flower and leaves arising 
from a small bulb: scape 6 in. or less high: inner divisions of Ihe bell-shaped 
flower tipped with green. Europe. 
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3. LEtJCOIUM. SNOWiijAKF. 

Flowers often more than !: divisions of tlio perianth all alike: antln re 
and style blunt: otherwise very like Galanthan. 

L. virnum, Linn. Snowjlake. Taller than the sn iwdrop vabout 1 ft.), 
the scape usually l-flowen'd, blooming later, the ilow^rs larger. Europv\ 

4. POLIANTHES. Tuberose. 

Leafy-ste mmed lily-like plants, with a thick, tuberous rootstock (whence 
the name tuher-ose not hihf -ro.c), bearing an i^reot spike of white flov»\jrs; 
perianth with a short slightly eurved lubf* and 6 spreading nearly equal 
divisions: stamens included itj the tube (not projecting). 

P. tuberdsa, Linn. Tuberose., Two to 3 ft., bearing long-linear, chan- 
nelled, niany-rankc<l leave flowers very fragrant, sometimes tinted with 
rose. A popular garden plant fron. Mexico, biooming in the open in late 
summer and autumn; some forms are double. 

5. hyp6xis. Star-grass. 

Stemloas, with grass-like, hairy leaves, growing from a corm-like root- 
stock: flowers yellow on filiform scapes; perianth C-parted. 

H. hirsuta, Coville. Scajie 3-8 in., not so long as the grassy leaves, soft- 
hairy: flowers 1-4, yellow, greenish without, about ^ in. in diameter. Com- 
mon in dry soils. 


VII. IRlD.^CEiE. Imb Family. 

Differs from Aniaryllidacoae and Lilia(!eae in its inferior ovary, 
3 stamens which are opposite the out(ir parts of the perianth, and 
2-ranked equitaiit (bases (jverlapiiing) leaves: stigmas sometimes large 
and petal-like. About 00 genera and 7(M) siMMues. llepresentative 
plants are iris or blue flag, crocus, gladiolus, freesia. Oocuses and 
freesias an* easily grown in window-boxes for winfeu- and s/iririg bloom, 

A. Lobes of the style expanded and colored, looking like 

petals 1. Iris 

AA. Lobes of the style thread-like. 

B. Plant stcmless: flowers borne on scapes. 

c. From corms: spathe 1-flowered: flower large, 

and perianth-tube long and slender 2. Crocus 

cc. From mostly fibrous roots: perianth-tube scarcely 
perceptible, if at all: flowers small: spathe 2- 

or more flowered 3. Sisyrinchium 

BB. Plants with a leaf-bearing and flower-bearing stem. 

c. Flow'ers in a short 1-sided cluster: plant small 4. Freesia 

cc. Flowers in a terminal spike: plant large 5. Gladiolus 
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1. mis. Fleur-de-lis. Flag. 

Mostly strong plants, with rhizomes or tubers: flowers mostly large and 
showy, the 3 outer segments recurving and the 3 inner ones usually smaller 
and more erect or sometimes incurving; the 3 long divisions of the style 
petal-like and often more or less hairy, covering the stamens; stigma on 
the under side of the style: leaves long and sword- 
shaped. Several wild and many cultivated species. 
The following species have rhizomes: 

a. Flowers yellow. 

I. Pseud&coms, Linn. Common yellow flag. One 
to 3 ft., with several-flowered, often branching stems; 
outer divisions of the perianth with no hairs or crests; 
flowers bright yellow. Europe. 

aa. Flowers in shades of blue {sometimes varying to white ) . 

I. versicolor, Linn. Common wild blue flag. Two 
to 3 ft., stout: leaves ^in. wide, flat: flowers about 3 
in. long, short-stalked violet-blue, the tube shorter 
than the ovary, the inner petals small and the outer 
ones with no hairs. Swamps. 

I. ISBvigftta, Fisch. & Mey. (J. Kaempferi, Sieb.). Japanese iris. Two to 
3 feet, the stem much overtopping the thin, broad leaves: flowers large 
(sometimes several inches across), flat, the inner lobes spreading, the 
outer ones very large and rounded, with no hairs or crests: color mostly in 
shades of blue and purple. Japan; now one of the choicest of garden irises. 

I. germ&nica, Linn. Common blue flag of gardens (sometimes runs wild). 
Fig. 496. Two to 3 ft, with long sword-shaped leaves: flowers few or several 
to each stem, about 3-4 in. across, the drooping outer segments with 
yellow hairs, the inner segments erect and arching inward. Europe. 



496. Iris germanioa. 


2. CRdCDS. Crocus. 

Small , stemless plants, the long-tubed flowers and the 
grass-like leaves arising directly from the coated corm: 
flowers with the 6 obovate divisions all alike and erect- 
spreading or the inner ones a little the smaller, opening 
only in sunshine. The following, from Europe, blooms in 
earliest spring: 

C. v4mu8, Linn. Common crocus. Fig. 497. Leaves Crocus vem 
2-4 to each flower, glaucous on the under side: flower 
rising little above the ground ; color in shades of lilac and variously striped, 
sometimes white. 



3. SISYRiNCHIUM. Blue-eyed Grass. 

Low, slender, perennial herbs with grass-like, linear, or lanceolate 
leaves and fibrous roots: scapes or stems erect, compressed, 2-edged or 
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winged, often branched: flowers sxnall, us'iaJl> blue or bluish, soon wither- 
ing, in terminal 2-5-flow?red umbels in a 2-Ioaved spathe; perianth bcg- 
ments spreading, bristle-pointed : stamens rnonaduphous ; style 1 long; 
stigmas Very slender; ovary d-celled. 

S. angustifdlium. Mill. Grassy plants in tufts or slumps: scape 4-12 in., 
spathe single, sessile: flowers bhie to purple, rarely 
white; petals notched and muciouate. In moist 
meadows, among grass. Summer. C^ommon. 

4. FREtSIA. Freest A. 

Small, cormous i^lants with flat leaves: flowers 
white or yellowish, tubular, with a somewhat spread- 
ing limb, the tube generally curved: stem about 1 ft. 
high, bearing several erect flowers on a 8ide\/i8e 
cluster. Popular florists’ plants of easy culture, and 
quick growth. 

F. refrketa, Klatt. h'ig. 498. Leaves narrow: 
flower usually somewhat 2- lipped or irregular, white in the most popular 
forms but yellowish in some, often with blotches of yellow; fragrant. Cape 
of Good Hope. 

6. GLADIOLUS. Gladiolus. 

Tall, erect plants, with flat, strong-veined leaves, the stein arising from 
a corm (Fig. 54): flowers in a more or less 1-sided terminal 
spike, short-tubed, the limb flaring and somewhat unequal: 
stamens separate (united in some related genera): style 
long, with 3 large stigmas. 

G. gandavensis, Van Houtte. Fig. 499. Upper seg- 
ments of the perianth nearly horizontal: colors vjirious and 
bright: spikes long. Hybrid of two or more species from 
499. Gladiolus C’ape of Good Hope. Summer and lall. The common 
gandavensis. gladioli of gardens are greatly hybridized. 




VIII. ORCHIDACEi®. Orchid Family. 

Perennial herbs, distinguished by singular and extremely irregu- 
lar perfect flowers, among the most ornamental and interesting of 
native and exotic plants, curiously adapted, in most rases, to insect 
pollination; many air-plants (epiphytes) of the tropics and warmer 
regions also belong to this family. Leaves usually alternate, simple, 
entire, sheathing; perianth in 6 divisions, adnate to the 1 -celled ovary: 
sepals 3, the outer segments of the perianth usually colored and similar 
or nearly so, appearing petal-like, the 2 lateral petals generally alike; 
third petal, the lip (the upper petal and, morphologically, next to 
axis, but apparently next to bract, by a peculiar twisting of the ovary). 
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very unlike the others, usually larger and frequently lobed, spurred, 
or saccate: stamens 1 or 2 fertile, variously coherent with the style 
or with a thick, fleshy stigma, all together forming the column: pollen 
in waxy or powdery masses: ovary inferior. About 5,000 species 
and over 400 genera, of wide distribution but most abuiidan’t in the 
tropics; species rather difficult to detcnninc, and therefore not de- 
scribed here in detail. Ours usually found in cool, damp woods, bogs, 
and meadows. Some of the rarest of greenhouse plants, and often very 
difficult to grow, arc members of this family. 

A. Lip sa(?-liko or inflated, larger than the other parts. 

B. Anthers 2, f)ne on each side of the style: a spread- 
ing ste^il(^ stamen over the summit of the style: 

flowers generally large and drooping 1. Cypripedium 

AA. Lip not sae(!at(i, but spurred, and sometimes fringed: 
flowers in a terminal spike. 

B. Sepals more or loss spreading 2. Hahenaria 

BB. Sepals and petals somewhat arching together 3. Orchis 

AAA. Lip not noticeably saccate or spurred. 

B. Flowers in spikes, appearing more or less twisted 
about the spike, in 1 or several rows: flowers small. 

c. Leaves not variegated 4. Spiranthes 

cc. Leaves variegated with white veins 5. Epipactis 

BB. Flowers 1 to several, in a spike-like loose raceme: 
or terminal on a leaf-bearing stem. 

A. Stem (scape) from one grass-like leaf: lip crested 


with colored hairs 6. Calopogon 

cc. Stem 1-3-leaved 7. Pogonia 


1. CYPRIPfiDIUM. Lady’s Slipper. Moccasin Flower. 

Distinguished by having 2 fertile anthers: pollen sticky, as though var- 
nished on surface, powdery beneath: lip a large, inflated, spurless sac, 
toward which the column bends: leaves large, broad, many-nerved: flowers 
large, showy. Fig. 250. 

C. hirsutum, Mill. Stem leafy, 1-2 ft., or more: flower solitary or 
2 or 3 together; lip a globular sac, white, colored with purplish-pink, IH— 2 
in. long. In swamps, bogs and woods. North, and South in mountains. June 
to September. One of our rare and beautiful wild flowers. 

C. acaMe, Ait. Scape 1 ft. tail, with two leaves at base, 1-flowercd: 
sepals greenish purple, spreading; lip pink, veined with rose-purple, about 
2 in. long, fragrant, split dowTi the front, but edges closed. Woods and 
bogs. May to June. Fig. 250. 

C. pubescens, Willd. Stem slender, leafy, 1-2 ft., usually clustered, 
1- to several-flowered: flowers yellow, lip much inflated, with purplish stripes 
or spots, lH-2 In. long. Low woods, meadows. May to July. 

C. parvifldnim, Salisb. Stem 1-2 ft. high, leafy, 1- to several-flowered: 
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flowers yellow, fragrant; lip usuJly more marked with purplish spots or 
lines than preceding and smaller, about 1 in. long. Li^w woods and thickets. 
May to July. 

C. ckndidum, Muhl. Lip white, with purpl-- vei.n and stripes, not 1 in. 
long. A very rare species, found in bogs and wo,!/ ineadr)ws, New York and 
New Jersey to Minnesota, Misoouri, Kentucky. 

C. arietinum, R. Br. Slender, less than 1 ft , leafy stenimed: flower 1, 
drooping, the 3 sepals separate and very narrow and gn^enish, the lif) somewhat 
shorter than sepals in. long red with lighten* \cins. Cold woods. North. 

2. HABENARIA. Frinoed or Racjced Orchios. 

Flowers several or numerous, in open terminal spikes, each flower in 
the axil of a foliaceoiis bract: corolla white, purjJish or yeflow, with lip 
variously fringed or 3-parted and cut-toothed, simr longer than lip: ^ 
anther: pollen-mass stalked, cohering. Growing, for most part, in wet 
places, borders of ponds, etc., tl rough eastern I iiited States. Several 
species, rather too critical for the beginner and therefore not described 
here. By some, the genus is broken up into several genera. 

3. 6RCHIS. 

Very similar to Habcnaria, differinc in having the glands attached to 
the ijolleii masses, and inclosed in a kind of pocket: the petals are arched and 
somewhat connivent over the column. 

O. spect^bilis, Linn. 8tem short, from 2 largo and glossy root-leaves, 
and carrying 1 or 2 lanceolate bracts, with several flowc^rs above, in a 
raceme: lii) white, spurred at base: other petals purplish pink, arching up 
over the flower. Woods. 

4. SPIRANTHES. Ladies’ Tresses. 

Generally charact(‘rized by small flt)wors, whitish, yellowish or greenish 
white, bent horizontally and arranged in 1-3 rows spirally in a spike, 
appearing as if twisted; stem usually bearing leaves below, or at the base* 
lip of the little flowers not saccate but erect, oblong, recurved, channelled, 
the base embracing the column and bearing 2 callous protuberances; anther 
1-2-celled: 1 powdery pollen mass in each cell. Several species. 

S. cernua, Richard. Six to 20 in. high, having leafy bracts with the 
flowers; spike dense, with flow(‘rs in 3 rows, inflorescence appearing but 
slightly twisted: leaves lance-line.ar. Common in moist meadows and 
swamps. Late summer and early autumn. 

S. gricilis. Beck. Spike and scape slender, with flowers in one straight 
or spiral row: leaves all radical, ovate to oblong, commonly withering 
away at or before flowering. Common in dry or sandy fields, open or 
hilly woods. July to October. 

5. EPIPAcTIS. Rattlesnake Plantain. 

In spike and perianth similar to spiranthes, but without the 2 lateral 
callous protuberances on the lip: leaves basal, tufted, thickish, petioled, 



342 


THE KINDS OF PLANTS 


dark green, usually blotched or veined with white. A few species widely 
distributed, but not common, with handsome leaves. The genus is also 
known as Peramium and as Goodyera. 

6. CAL0P6G0N. Grass Pink. 

Scapes from round solid bulbs bearing several flowers in loose terminal 
spikes or racemes; leaf 1, grass-like. Distinguished by having the lip on 
the upper side (ovary or stalk not twisting) bearded. 

C. pulch^llus, R. Br. Scape 1 ft. high, 2-6-flowered: flowers 1 in. across, 
pink-purple; the lip triangular at apex, crested with colored hairs (yellow, 
orange, purple), club-shaped: anther lid-like: pollen-masses 4, powdery. 
Wet meadows and bogs. Very pretty. 

7. POGdHIA. 

Low, with solitary, terminal, odd flowers; alternate leaves: lip spurless, 
crested or hooded or 3-lobed; column not attached: calyx spreading; fertile 
anther lid-like; 2 pollen-masses, granular. 

P. ophioglossoldes, Ker. Stem 6-9 in. from a fibrous root; leaf sessile, 
oval near middle of stem: lip erect, bearded and fringed; flower 1 in. long, 
sweet-scented, pale rose color, slightly nodding, with a leafy bract. Marshes 
or swampy places. Eastern United States. June to July. 


BB. PHENOGAMS: ANGIOSPERMS: DICOTYLEDONS. 

D. CHORIPETAL^. 

IX. CUPULlFERiE. Oak Family. 

Monoecious trees and shrubs with staminate flowers in catkins 
and the pistillate in catkins or solitary: leaves alternate, with stipules 
early deciduous (mostly scale-like), and th(^ side-veins straight or 
nearly so: stamens 2 to many: fruit a 1-seedednut, sometimes inclosed 
in an involucre. Ten or a dozen genera and upwards of 450 species. 
Representative plants are oak, chestnut, beech, birch, hazel, ironwood. 

A. Sterile flowers in a hanging head: fruits 2 three-cornered 

nuts in a small, spiny involucre or bur 1. Fagua 

AA. Sterile flowers in cylindrical catkins. 

B. Fruit 1-4 rounded or flat-sided nuts in a large, sharp- 

spiny involucre or bur 2. Castanea 

BB. Fruit an acorn — a nut sitting in a scaly or spiny cup 3. Quercua 

BBB. Fruit flat and often winged, thin and seed-like, borne 
under scales in a cone. 

c. Fertile flowers naked: mature cone-scales thin 4. Bctula 

cc. Fertile flowers with a calyx: cone-scales thick 5. Alnub 
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1. FAGUS. Beech. 

Tall forest trees with light bark, and prominent parallel side-veins in 
the leaves: sterile flowers in a small, penauJ >us head, with 5-7-oleft calyic 
and 8-16 stamens: fertile flowers 2, in a close invo'acre, ripening into 2 
three-cornered “beech nuta” in a 4-valved bur. 

F. grandifdlia, Ehili. American beech. Close-grained, hard-wood tree, 
with light colored bark: leaves ovat<3-oblong and acumiiipte, coarsely serrate, 
usually with 9 or more pairs of nen^es: nuts ripening in the fall, and much 
sought by boys and squirre ls. common forest tree. 

F. sylv&tica, Linn. Eiiropexin beech. Fig. 151. Ofteii planted, particularly 
in the form of the purple-lea \'ed and weeping beech: fo’^age differs in being 
mostly smaller, ovate or elliptic, small-toothed, with 9 or less pairs of nerves. 

2. CASTANEA. Chestnut. 

Forest trees, with rough, furrowed bark: Sterile flowers with 4-7-loheci 
calyx and 8-20 stamens in very long, erect or spreading ca'^kins, which 
appear in clusters in midsummer: fertile flowers about 3 in an involucre, 
producing “chestnuts” in a spinv bur. 

C. dent&ta, Borkh. American chestnut. Fig. 267. Tall, straight- 
grained tree, with large, broad and thin, oolong-lanceolate leaves, which are 
taper-pointed, and have largo teeth with spreading spines: nuts usually 1 in. 
or less across, sweet. Grows as far west as Michigan, and south to 
Mississippi. 

C. satlva, Mill. European chestnut. Less tall: leaves smaller and 
narrower, more pubescent when young, not long-acuminate, the teeth smaller 
and their spines more incurved: nuts 1 in. or more across, not so sweet as 



3. QU^RCUS. Oak. 

Strong, close-grained trees, with mostly laterally-lobed leaves: sterile 
flowers in clustered hanging catkins, with a 4-7-lobed calyx, and 3-12 sta- 
mens: fertile one in a shallow involucre which becomes the cup of the 
acorn, the stigma 3-lobed: fruit an acorn. See Fig. 228, which represents 
a form of the English oak {Q. Rohur) often planted in choice grounds. 


a. White oak group^ distinguished by its light gray scaly bark, rounded lobes 
or teeth of the leaves, and the acorns maturing the first year. {Q. virens 
has nearly or quite entire leaves.) 

Q. &lba, Linn. White oak. Fig. 600. Leaves ol>ovate, 6 or 6 in. 
long, the lobes usually 7 and at equal distances apart, and the sinuses 


344 


THE KINDS OF PLANTS 


deep or shallow: acorn small, with a rather shallow and not fringed cup. 
The commonest species. 

Q. macrocarpa, Michx. Bur oak. Fig. 601. Leaves obovate, downy 
or pale on the lower surface, toothed towards the tips and irregularly and 
often deeply lobed toward the base: acorn cups heavily fringed on the 
margins: young bran(ihes corky. More common West. 

Q. Prlnus, Linn. Chestnut oak. Fig. 502. Leaves rather long-obovate, 

505. Quercus coccinea. 

toothed, with rounded teeth and yellow-ribbed: acorn long and the cup 
hard-scaled: bark dark with broad, deep furrows. Eastern. 

Q. bfcolor, Willd. Swainp white oak. Fig. 503. Leaves obovate, white- 
downy on their lower surface, toothed with squarish teeth, the bases wedge- 
shaped: acorn small, with the margin of the cup finely fringed. Common 
in low grounds and along ravines. 

Q, virginiUna, Mill. Live-oak. Leaves small, oblong, entire or sometimes 
spiny-toothed, thick and evergreen: acorn oblong, the nut about one-third 
covered with its scaly cup. Virginia, south. 

aa. Black oak group, distinguished hy its dark furrowed hark, pointed lobes 
of the leaves, and the acorns maturing the second year, 

Q. rubra, Linn. Red oak. Fig. 504. Leaves obovate or sometimes 
shorter, the 7-9 lobes triangular and pointing toward the tips: acorn large, 
flat-cupped. Common. 

Q. coccinea, Moench.' Scarlet oak. Fig. 505. 
Leaves olxjvate, bright scarlet in autumn, thin, 
smooth on the lower surface, the sinuses deep, 
wide and rounded: margin of the acorn cup round- 
ing inwards and the scales close: inner bark 
reddish. Common. 

Q. velutina, Lam. Black oak. Fig. 506. 
Leaves obovate, coarser, downy on the lower sur- 
face until midsummer or later, wider toward the 
tip, the sinuses shallow (or sometimes as in the scarlet oak): margin of the 
acorn cup not rounding inwards and the scales looser: inner bark orange. 
Common. 

4. BtTULA. Birch. 

Small to medium-sized trees, with sterile flowers in drooping, cylindrical 
catkins, 3 flowers with 4 short stamens being borne under each bract: fertile 





503. Quercus bicolor. 504. Quercus rubra. 
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flowers in short, mostly erect c*atkiiis which become cones at maturity. 2 or 3 
naked flowers being borne under each 3-lobed brat t: fruit winged and seed-* 
like: leaves simple, toothed or serrate; bark of^en aromatic. 

a. Brown-barked Idrrhes: U aie^ ovate. 

B. lenta, Linn. Cherry birch. Sweet birch. Tall tree, the bark tight 
(not peeling in layers), the twigs verj?" aroma -ic: leaves oblong-ovatc. some- 
what cordate at base, doubly serrate, becoming glos.iy above: bracts of the 
oblong-cylindric fruiting catkins with vvide-spri'ading lobes. Rich woods. 

B, lutea, Michx. Yellow or gray bi,rc!i. Bark grayer or s*lvery, peel- 
ing in layers: leaves scarcely cordate, dull, more downy: bracts of the 
short-oblong fruiting catkins with scarcely spreading scales: tr^e less aro- 
matic than thf' other, riaine range. 

aa. White-harked birches: ieojves triangul'ir or broad-ovate. 

B. papyrffera, Marsh. Paper birch. Canoe birch. Tree of medium 
to rather large size, with the bark* peeling in very large plates or layers: 
leaves broad-ovate and often somewhat cordate, dull green. Pennsylvania, 
north. 

B. populifdlia, Ait. American white birch. Small and slender tree with 
rather tight, glistening, white bark: leaves triangular-a^-uminate, toothed, 
dangling, and moving incessantly in the •wind. Northeastern states. 

B. ilba, Linn. European while birch. A larg(‘r tree, with triangular- 
ovate leaves which are pointed but not long-acuminate. Europe. The com- 
mon cultivated white birch. There are weeinng forms (Fig. O). 

6. Xlnvs. Alder. 

Much like Betula, but smaller trees or bushes: flowers wHh a 3-5- 
parted calyx, and the small, short, fertile catkins composed of thickened, 
woody scales. In the following, the flowers appear before the leaves in 
earliest spring, from catkins formed the previous year and remaining partly 
developed during winter. Common along streams. 

A. inc&na, Moench. Speckled alder. Shrub or small tree, with pubescent 
branches: leaves oval to oblong-ovate, acute, doubly serrate, glaucous and 
downy underneath: cones about Yi in. long, mostly sessile. 

A. nigdsa, Spreng. {A. serrul&ta, Willd.). Smooth alder. Leaves elliptic 
or obovate, acute or rounded at the apex, finely .serrate, the under side 
of the leaves smooth or pubescent only on the veins: cones short-stalked. 

A. vulgAris, Hill. Black alder. Leaves orbicular or very broadly obo- 
vate, not acute, irregularly serrate, dull and nearly smooth beneath: cones 
peduncled. Europe. Planted, some varieties with divided leaves. 

X. URTICACEiE. Nettle Family. 

Trees and herbs, with small apetalous flowers in small clusters or 
solitary: leaves mostly straight-veined, with stipules: plants dicecious 
or monoecious, or flowers perfect in the elms: stamens usually as many 
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as the lobes of the calyx and opposite them: ovary superior, ripening 
into a 1-seeded indehiscent, often winged fruit. A very polymorphous 
association, by some botanists divided into two or three coordinate 
families. More than 100 genera and 1,500 species. Representatives 
are elm, hackbeiry, mulberry, osage orange, nettle, hop, hemp. 


A. Trees. 

B. Fruit a samara 1. Ulmm 

BB. Fruit a small drupe 2. Celtia 

BBB. Fruit as lar^e as an orange, formed of the whole mass of 

the pistillate flower-cluster 3. Madura 

BBBB; Fruit resembling a blackberry, formed of the pistillate 

flower-cluster 4. Morus 

AA. Herbs. 

B. Leaves digitately lobed or divided. 

c. Plant standing erect *. 5. Cannabis 

cc. Plant twining 6. Humulus 

BB. Leaves not lobed: plant with stinging hairs 7. Urtica 





507. Ulmus fulva. 508. Ulmus amerioana. 509. Ulmus raoemosa. 

1. tlLMUS. Elm. 

Trees, mostly large and valuable for timber, with rough-furrowed bark: 
leaves alternate (2-ranked), ovate and straight- veined, dentate: flowers small 
and not showy, appearing in earliest spring, sometimes diclinous, the calyx 
4-9-parted, the anthers 4-9 on long filaments: ovary generally 2-loculed, 
ripening into a l-seeded wing-fruit. 


a. Leaves large^ rough on the upper surface: fruit large^ nearly orbicular, 

U. fiilva, Michx. Slippery elm. Fig. 507. Middle-sized or small tree 
with inner bark mucilaginous or “slippery” in spring: leaves 6-8 in. long 
and half or more as broad, ovate-elliptic and unequal-sided, doubly 
serrate, very rough above and softer beneath: samara in. long, 

orbicular or nearly so, with the seed in the center: flowers in dense 
clusters. Common. 
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aa. Leaves not very rough abovrr fruit oval, deeply notched at the apex. 

U. americina, Linn. Common or white dm. Figs. 96-100, 608. Tall a 'id 
graceful tree: leaves elliptic-oval, 8erra*e: aaiuara FmcU, more or less haiiy 
on the thin wing, the notch in the apex extendin'* nearly to the seed: flowers 
hanging on slender stalks. One of the finest of American trees. 

U. racemdsa, Thoma.s. Cork elm. Fig. 609. Smaller tree than the last, 
with corky-winged branches: leaves with straigh-er veins: samsca with 
sharp incurved points at the ji,pex: llo'vcrs in riieemes. Less common. 

U. alita, Michx. Wahoo dm. Small tri^e, with wide, co»*ky ridges on 
the branches: leaves small and rather thick, almost sessile, ovate to nearly 
lanceolate and acute; samara downy, at least when youxig. Virginia, south 
and west. 

2. C£LTIS. Nettle-tree. Hackberry. 

Elm-like in looks, but the fruit a 1-seeded, berry-like drupe: flowers 
greenish, in the leaf axils, mostly diclinoue; calyx 6~6-parted; stamens 5 or 
6: stigmas 2, very long. 

C. occident&lis, Linn. Common hackherry. Middle-sized tret with 
rough-furrowed bark: leaves ovate-pointed, oblique at base, serrate: fruit 
purplish, as large as a pea, edible in the fall when ripe. Low grounds. 

3. MACLtlRA. Osage Orange. 

Small tree, with dioecious flowers in catkins, 
and alternate, simple leaves: sterile flowers in 
raceme-like, deciduous catkins; fertile flowers 
densely crowded in a head, with 4 sepals and 2 510 . Madura pomifera. 

stigmas, the ovary ripening into an achene, the 

whole flower-cluster becoming flc'shy and ripening into an orange-like mass. 

M. pomifera, Schneid. {Toxylon pomiferum, Raf.). Osage orange. 
Fig. 510. Spiny, low tree, much used for hedges, but not hardy in the north- 
ernmost states: leaves narrow-ovate and entire, glossy: flowers in spring 
after the leaves appear, the fruit ripening in autumn. Missouri and 
Kansas south. 

4. MORUS. Mulberry. 

Small to middle-sized trees, with broad, alternate toothed or lobed 
leaves and monoecious flowers, with 4-parted calyx: stamens 4, with fila- 
ments at first bent inward, the staminatc catkins soon falling, fertile flowers 
ripening a single achene, but the entire catkin becomes fleshy and blackberry- 
like, and prized for eating. Leaves very variable, often lobed and not 
lobed on the same branch. 

M. rflbra, Linn. Common wild mulberry. Often a large tree in the 
South: leaves ovate-acuminate, oblique at the base, rough and dull on the 
upper surface and softer beneath, dentate: fruit in. long, black-red, 

sweet. Wood yellow. Most abundant South, but growing as far north as 
Massachusetts. 
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M. ilba> Linn. White mulberry. Fig. 511. Leaves light green and 
usually glossy above, the veins prominent and whitish beneath, the teeth 
usually rounded or obtuse: fruit of variable size, often 134 in. long, whitish, 
violet, or i^urple. China; planted for ornament and for its fruit, also for 
feeding silkworms. The much-planted Russian mulberry is a form of it. 


5. CANNABIS. Hemp. 

Tall, strong, dioecious herbs with 5-7 leaflets: fertile flowers in clus- 
ters, with 1 sepal stirrounding the ovary, and 2 long, hairy stigmas: sterile 
flowers in racemes or panicles, with 5 sepals and 5 drooping stamens. 

C. sativa, Linn. Hemp. Six to 10 ft., strong-smelling, blooming all 
summer: leaflets lanceolate, large toothed. Old World; cultivated for fiber 
and sometimes escaped in waste places. 


6. HtMULUS. Hop. 

Twining dioecious herbs of tall growth, with 5 sepals in the sterile 
flowers, the stamens erect: fertile flowers with 1 sepal, 
2 flowers under each scale of a short, thin catkin which 
becomes a kind of cone or “hop.” 

H. Lupulus, Linn. Common hop. Perennial, rough- 
hairy: leaves broad-ovate, deeply 3-lobed (only rarely 
5 7-lobed): sterile flowers in panicles 2-6 in. long: pis- 
tillate catkin enlarging into a “hop” often 2 in. or 
more long. A native plant, cultivated for hops and 
sometimes for ornament. 

H. jap6nicus, Sieb. & Zucc. Japanese hop. Fig. 
179. Annual: leaves not less than 5-lobed: fertile 
catkin not enlarging into a hop. Japan; much 
cultivated for ornament. 



511. Morus alba. 


7. tJRTICA. Nettle. 

Erect herbs with opposite simple leaves and stinging hairs, and monoe- 
cious or dioecious flowers in racemes or dense clusters, the calyx of 4 
separate sepals: stamens 4: stigma sessile: fruit an ovate flat achene. The 
following are perennials with flowers in panicled spikes: 

U. gr&cilis, Ait. Common nettle. Two to 6 ft.: leaves ovate-lanceolate, 
serrate, on long petioles. Common in low grounds. 

U. dioica, Linn. Not so tall: leaves ovate-cordate and deeply serrate, on 
rather short petioles, downy underneath. Weed from Europe, very stinging. 


XI. ARISTOLOCHlACEiE. 

Birthwort Family. Dutchman's Pipe Family. 

Low acaulescent herbs, or tall twining vines: leaves basal or alter- 
nate, without stipules, pctiolate, roundish or kidney-shaped: flowers 
regular or irregular, perfect: perianth-tube brown or dull, valvate in 
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bud, adherent to ovary: stamens 6-12, epigynoos, and adherent to 
base of the styles: ovary 6-celled, pistil 1. A small tamily of about 200 
species, sparingly represented in this country. Msry of the members 


have aromatic or bitter-tonic properties. 

A. Low stemless herbs 1. Asarum 

AA. Leafy-stemmod herbs, or woody climbers 2. Aristclochia 


1. Asarum. Wild Ginger. 

Perennial spreading herbs: leaves Lirgc., kidney-shaped, pubescent: 
flower brown, ineonspicuous, born^ on a shoit peduncle arising from between 
the petioles: rootstocks creeping, elongated, very aromatic. 

A. canad^nse, Linn. Leaves in pairs, large, renifo.-m, but more or less 
pointed at tip, soft-hairy with a silkv finish: flower greenish oiitsidi, purple- 
brown within, consisting of a d-iobed calyx, adnate to ovary: stamens 12, 
the filaments longer than the anthers. Common in rich woods. April, May. 

2. ARISTOLdCHIA. Dutchman’s Pipe. 

Herbs or tall vinos, with alternate, petiolate leaves, cordate, '>ntire 
and palmately nerved: flowers irregular, the calyx tubular, the tube oddly 
inflated above ovary and contracted at throat, shaped like a much-bent 
pipe, the margin reflexed or spreading, 3-6-lobed or appendaged: sta- 
mens 6. 

A. macrophylla, Lam. (A. Sipho, L’Her.). Calyx-tube about 1-1 in. 
long, curved to resemble a Dutch pipe, the margin spreading, brownish- 
purple: leaves large, smooth, dark green, round kidney-shaped. Wild in 
rich woods; May; often cultivated. 


XII. POLYGON ACEiE. Buckwheat Family. 

Herbs, mostly with enlarged joints or nodes and sheaths (repre- 
senting stipules) above them: leavers simple and usually entire, alter- 
nate: flowers small, apetalous, usually perfect ana generally borne in 
spikes or dense clusters: stamens 4-12, attached to the very base 
of the 3-5-merous calyx: ovary 1-loculed, ripening into a 3-4-angled 
achene. Thirty or more genera and about 600 widely dispersed species. 
Characteristic plants are buckwheat, rhubarb, dock, sorrel, smart- 


weed. 

A. Root-leaves 1 ft. or more across, rounded 1. Rheum 

AA. Root-leaves narrow or not prominent. 

B. Calyx of 6 sepals, often of two kinds 2. Rumex 

BB. Calyx of 5 (rarely 4) sepals, all alike. 

c. Flowers white and fragrant 3. Fagopyrum 


cc. Flowers greenish or pinkish, not uistinctly fragrant. .4. Polygonum 
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1. RH^UM. Rhubabb. 

Very large-leaved perennials, sending up stout hollow flower-stalks in 
early summer which bear smaller leaves with sheathing bases: sepals 6, all 
alike, withering rather than falling, and persisting beneath the 3-winged 
K __j rf achenes: stamens 9: styles 3. Old World. 

Linn. Rhubarb. Pie- 

\\\ 'plani. Figs. 81, 82. Leaves 1 ft. or more 
V across, the thick petioles edible: fls. white, in 

/ elevated panicles. 

j 2. RtlMEX. Dock. Sorrel. 

/ Perennial often deep-rooted plants with herbage 

Wj bitter or sour: sepals 6, the 3 outer large and spread- 

^ ing, the 3 inner (known as “valves”) enlarging after 

612. Rumex AcetoMlla. AowerinR and one or more of them often bearing a 
grain-like tubercle on the back; stamens 6, styles 3; 
flowers in panicles or interrupted spikes. 


a. Docks: herbage bitter: valves often grain-bearing: flowers mostly perfect: 
leaves not arrow-shaped. 

R. obtusifdlius. Linn. Bitter dock. Lower leaves oblong-cordate and 
obtuse, not wavy: one valve usually grain-bearing. Weed from Europe. 

R. erfspus, Linn. Curly dock. Leaves lanceolate, wavy or curled: all 
valves usually grain-bearing. Weed from Europe. 

aa. Sorrels: herbage sour: valves not grain-bearing: 
flowers dicecious: leaves arrow-shaped. 

R. Acetos411a, Linn. Common or sheep sorrel. 

Fig. 512. Low (1 ft. or less): Ivs. mostly arrow- 
shaped at base: flowers brownish, small, in a ter- 
minal panicle. Common in sterile Helds. Europe. 

3. FAGOPtRUM. Buckwheat. 

Fast-growing annuals, with somewhat triangular 
leaves, and fragrant flowers in flattish, panicle-like 
clusters; calyx of 5 parts; stamens 8: fruit a trian- 
gular achene. Old World. 613. 

F. escul€ntum, Moench. Common buckwheat. Fagopyrum esculentum. 
Fig. 513. Leaves triangular-.arrow-shaped, long- 

petioled: flowers white, in a compound cluster: achene with regular angles. 
Flour is made from the grain. 

F. tat&ricum, Gaertn. India wheat. Slenderer, the leaves smaller and 
more arrow-shaped and short-petioled : flowers greenish or yellowish, in 
simple racemes: achene notched on the angles. Somewhat cultivated. 
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4. POLfGOEUM. Knotweed. Smabtweed. 

Low weedy plants, or some exotic ones tall and culnvated, blooming in 
summer and fall, the small pinkish or greenish flowers mostly in racemes or 
spikes (in the Knotweeds in the leaf-axilsyt calyx usual 1\ 6-part^d: stamens 
4r-0: stigmas 2 or 3: black achene lenticular or fcri:-ngular. 

a. Knotweeds: flowers sessile in the axils of the leaves^ greenish and very small, 

P. aviculftre, Linn. Common knotweed. Doorwisd. Fig. 210. Pros 
trate or creeping, bluish green wiry jila^jt, grovdng along the hard edges of 
walks and in yards, and commonly mi.stakcn for sod: leaves small, mostly 
oblong, entire: sepals very small . green with a broad white margin: stamens 
6 or more: stigmas usually 3. Annual. 

P. er^ctum, Linn. Taller knotweed. One ft. or more high: leaves three 
or four times larger, oblong or oval and obtuse. Common aimual. 

aa. Smartweeds: flowers in terminal spikes, mostly pinkish, 

b. Sheaths of leaves {surrounding stem) hairy on the edge, or 

the margin with a spreading border, 

P. orientile, Linn. Prince's feather. Several feet tall, soft- 
hairy: flowers in long cylindrical nodding spikes: leaves ovate: 
stamens 7. India; cultivated. Annual. 

P. Persic&ria, Linn. Smartweed. Lady's thumb (from the 
dark blotch near the center of the leaf). Fig. 514. About 1 
ft.: leaves lanceolate: spikes oblong, dense and erect: stamens 
usually 6: stigmas 2. Weed from Europe. 

P. Hydropiper, Linn. Smartweed. Herbage very pungent 
or “smarty:” leaves oblong-lanceolate: spikes short and 
nodding, the flowers greenish: stamens 6: stigmas 3. Low 
grounds. Annual. 

P, hydropiperoides, Michx. Smartweed. Herbage not 
pungent: spikes slender and erect, the flowers whitish: sUv- 
mens 8: stigmas 3. In very wet places. Perennial. 

P. 4cre, HBK. Smartweed, Herbage pungent: leaves 
linear or lanceolate, long-pointed: spikes slender and er !ct: flowers white or 
blush: stamens 8: stigmas 3. Low grounds. Perennial. 

bb. Sheaths of leaves not hairy, nor the margin bordered, 

P. pennsylvanicum, Linn. Smartweed. Pungent: plant with conspicuous 
glandular hairs above: leaves lanceolate: spikes short-oblong and erect, the 
flowers purplish: stamens 8: stigmas 2. Low ground. Annual. 



614. 

Polygonum 

Persioaria. 


XIII. EUPHORBIACE.®. Spurge Family. 

Trees, shrubs or herbs, often with milky, pungent juice, some- 
times poisonous: flowers monoecious or dioecious, mostly apetalous, 
usually small and inconspicuous. The family is large, in warmer parts 
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of the world. The determination of the genera and species is difficult. 
Euphorbia and Ricinus will sufficiently explain the flower structure for 
the beginner. 

A. Flowers in a cup-like involucre, which imitates a perianth: 

flowers dioecious, without calyx or corolla 1. Euphorbia 

AA. Flowers, not in an involucre, but in a terminal panicle: 

flowers dioecious, calyx present, but no corolla 2. Ricinus 

1. EUPHORBIA. Spurge. 

Flowers monoecious inclosed in an involucre, which is 4~5-lobed and 
often' showy, resembling a perianth: staminate flowers each consisting of 
a stamen jointed to filamcnt-like pedicel, subtended by a minute bract, 
attached on the inner surface of the involucre: the solitary pistillate flower, 
standing at the bottom of the involucre, is at length protruded on a stalk: 
capsule 3-lobed and 3-cell ed: styles 3, each 2-cleft: stigmas 6. Many of the 
species are cultivated for ornamental purposes, as E, splendens^ Crown of 
Thorns; E. Cyparissias, Cypress spurge, common in old yards and about 
cemeteries, where it has run wild. 

E. corollita, Linn. Flowering spurge. Perennial, 2-3 ft., slender- 
branched: leaves mostly alternate, or the uppermost ones, or those on 
the branches opposite, whorled, oval, rather thick, usually pale beneath: 
flowering branches much forked: involucres terminal, or on peduncles, from 
the forks of the branches, the lobes snowy white, appearing like petals with 
oblong yellowish green glands at base of each. In dry or sandy soil, common. 
July to October. 

£. maculUta, Linn. Small plant, prostrate or spreading, the branches 
slender and radiating, dark green, often dark red: leaves oblong-linear, 
usually with red-brown spots in center: involucre minute, the corolla-like 
appendages narrow, white or red. A common inconspicuous weed through- 
out North America, except the extreme north. 

E. pulcherrima, Willd. PoinscUia. Floral leaves brilliant red and 
appearing like flaming lilossoms: flowers in a greenish involucre, with a 
large yellow gland on summit. A Mexican species, well known as an 
ornamental greenhouse plant. 

2, RfCIWUS. Castor-oil Plant. Figs. 313-316. 

Tall stately, perennial herb (annual North), with large, alternate, pal- 
mately cleft leaves: flowers monoecious, apetalous, greenish, in terminal 
racemes or panicled clusters, the pistillate flowers above the others; styles 
large, reddish. 

R. communis, Linn. Castor bean, Palma Christi. Stem erect from 
3-12 ft., somewhat branched; leaves very large, peltate, lobes acute, pointed, 
toothed: seeds smooth, black, mottled or variegated with gray and brown. 
Grown for medicinal and ornamental purposes. Tropical. There are many 
forms in cultivation. 
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XIV. CARVOPHYLLACEJE. Pink Family. 

Herbs, with opposite, mostly narrow, entire h»a\(\s without conspie/- 
uous veins: flowers 4~5-nierouR, sometirru*. apetaions, with stamens 
twice or less the number of sepals or petals, and 2-5 stylee which 
may be wholly separate or pariiidly united: pod usually a 1-loculed 
capsule commonly inclosed in the calyx, mostly splitting from the 
top, the seeds usually attached to a central column. Genera b* ‘tween 
30 and 40, species about Repiefentative plants are pink, car- 

nation, bouncing Bet, caUthfly, chickweed, corn-cockle, lychnis, spurry. 


A. Flowers polyijetalous, with sepals united into a tube. 

B. Bracts at the base of the calyx 1. Dtanthus 

BB. No bracts at base of calyx. 

c. Stylos 2 2. Saponaria 

cc. Styles 4-5 ? Lychnis 

ccc. Styles 3 4. Silene 

AA. Flowers often apetaloiis, the sepals nearly or quite distinct. 

B. Styles 3 or 4 5. Siellaria 

BB. Styles 5 6 . Cerastium 


1. diAnthus. Pink. 

Showy-flowered small herbs, with striate, many-furrowed 
calyx and sepal -like bracts at its base: petals with slender 
claws or bases, the limb usually toothed or fringed; styles 2. 

a. Flowers single on ends of branches. 

D. chinensis, Linn. China or florists' pink. Leaves 
short-lanceolate, not grass-like: c.alyx-braets linear-acute and 
as long as the calyx: petals in white and shades of red, vt^ry 
showy. China. Perennial, but grown as an annual (mostly 
under the florists’ name D. Heddeungi). 

D. plum&rius, Linn. Crass or ^Scotch pink. Common pink 
of old gardens, from Europe. Low, growing in mats, glau- 
cous-blue: leaves grass-like: flowers verj' fragrant, deep-fringed, white or 
pink. Perennial. 

D. Caryophjrllus, Linn. Carnation. Two ft. or more, with wiry stems, 
glaucous-blue: leaves grass-like: calyx-bracts short and broad: petals more 
or less toothed but not fringed: flowers fragrant. Europe. 

aa. Flowers in compact clusters. 

D. barbiltus, Linn. Sweet William. Fig. 515. One ft. or more, erect, 
green; flowers small, in dense clusters in red and white. Old World; common 
in old gardens. 



515. Dianthus 
barbatua. 


W 
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2. SAPONARIA. SOAPWORT. 

Calyx cylindrical or angled, 5-toothed, with no bracts at its base: 
stamens 10: styles 2: pod 4-toothed at top (Fig. 282). 

S. officinlLlis, Linn. Bouncing Bet. Perennial, forming colonies in old 
yards and along roads, 1-2 ft. high, glabrous, with ovate or oval leaves: 
flowers 1 in. across, white or rose, in dense clusters, often double, the petals 
with a crown. Europe. Common. 

3. LtCHNIS. Lychnis. Cocjkle. 

Annual or perennial, with styles usually 5, and pod opening by 5 or more 
teeth: calyx 5-toothed and 10- or more-nerved, naked at the base: stamens 10. 

L. ,Githllgo, Scop, (or Agrostemma Githago, Linn.). Fig. 181. Corn 
cockle^ because it is a common weed in wheat fields (wheat is known as 
com in Europe), its seeds not being readily separated from wheat because 
of their similar size and its seasons corresponding with those of wheat: annual, 
2-3 ft., hairy: flowers purple-red and showy, on very long stalks, the 
petals crowned and the calyx-lobes long and leafy: leaves very narrow. 
Europe. 

L. CoronAria, Desv. Dusty Miller. Mullein pink. Biennial or per- 
ennial, white-woolly all over: leaves oblong: flowers rose-crimson, showy. 
Europe. Old gardens and along roads. 

4. S1L£N£. (/AMPion. Catchfly. 

Annual or perennial herbs, with white, pink, or red flowers, solitary or 
in cymes: calyx often inflated, 5-toothed, 10- to many-nerved, with no 
bracts at base; jx'tals 5, clawed, sometimes with crown or scale at base of 
blade; stamens 10; styles 3 (rarely 4 or 5); ovary 1-celled (or incompletely 
2-4-celled): fruit a capsule, or pod, 1-celled or 3-celled at base, dehiscent by 
3 or 6 teeth at apex, many-seeded. A viscid secretion covers the calyx and 
stems of certain species, by which creeping insects are caught, whence the 
name “catchfly.” 

S. stellftta, Ait. Starry campion. Perennial, 2-3 ft. high: leaves ovate- 
lanceolate, acuminate, in whorls of 4 (at least the upper ones): flowers in 
paiiicled Cannes; calyx bell-shaped, loose and inflated; petals fringed, 
crownless, white. July. Open woods. 

S. latifdlia, Britten & Rendle. Bladder campion. Perennial, 1-2 ft.: 
leaves ovate-lanceolate, acute, opposite: flowers in panicles, inclined or 
drooping: calyx globular, thin and much inflated, conspicuously veined; 
petals 2-cleft, white. Roadsides, fields and waste places. Common eastward. 
Naturalized from Europe. 

S. pennsylvinica Michx. Wild pink. Perennial, viscid-pubescent above, 
4-10 in.: basal leaves spatulate or cuneate, narrowed into petioles; stem- 
leaves lanceolate, sessile, opposite: flowers in terminal, few-flowered cymes; 
calyx narrow; petals wedge-shaped, slightly emarginate (or eroded) on 
edge, pink-red, crowned. In dry soil in eastern states. 

S. virglnica, Linn. Fire pink. Perennial, 1-8 ft.: lower leaves thin, 
spatulate, the cauline oblong or lanceolate, sessile: flowers few in a loose 
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cyme, peduncled, Bhow.y, 11^-2 in. broad; calyx hell-likc, enlarged rs pod 
matures: petals 2-cleft, crowned, bright crimson: bteni viscid-pubesceid. 
Open, dry woods. May to September. 

S. noctifldra, Linn. N ighi-fioweri.ig catehfiy. Annual: lower lea,ves 
spatulate or obovate, Ihc up.oer liiicar: flovers larxe, few, podicelled, 
in loose panicle, opening at dusK lor the night: very fragrant: calyx-tube 
elongated, noticeably veined, with awl-lilro teeth: petals 2-cleft; white, 
crowned. Weed introduced from Europe. July to 


September. 

5. stellAria. Chickwefo. 

Small, weak herbs with sepals 4-5, petals of equal 
number and deeply cleft or sornetinit»s wanting; stamens 
10 or less; styles usually 3: pod opening by twice ae 
many val ves as there are stylos. 

S. mddia, Cyrill. Corn mo?} chickweed. Fig. 457. 

Little prostrate annual, making a mat hi cultivated 
grounds, witli ovate or oblong leaves mostly on h;dry 
petioles: flowers solitary, minute, white, the 2-parted 
petals shorter than the calyx, the peduncle elongating in fruit. Europe; 
very (Jommon. Blooms in cold weather. 



516. Sbellaria media. 


6. cerAstium. Mouse-ear ( -hickweed. 

Differs from Stollaria chiefly in having 5 styles and pod splitting into 
twice as many valves. The two following gray herbs grow in lawns. From 
Europe. 

C. visedsum, Linn. Annual, about 6 in. high: leaves ovate to spatulate: 
flowers small, in close clusters, the petals shorter than the calyx, and the 
pedi(jels not longer than the acute sepals. 

C. vulgdtum, Linn. Perennial and larger, clan jniy -hairy: leaves oblong: 
pedicels longer than the obtuse sepals, the flowers larger. 


XV. RANUNCULACEiE. Crowfoot or Buttercup Family. 

Mostly herbs, with various habits and foliage: parts of the flower 
typically all present, free and distinct, but there are some apetalous 
and dioecious species: stamens many; pistils many or few, in the 
former case becoming achenes and in the latter usually becoming folli- 
cles. Upwards of 30 genera and 1,000-1,200 species. Characteristic 
plants are buttercup, anemone, meadow-rue, marsh-marigold or 
cowslip, adonis, clematis, larkspur, aconite, columbine, baneberry, 
peony. Known from Rosaceae by the hypogynous flowers. 

A. Plants not climbing: herbs. 

B. Fruits achenes, several or many from each flower. 
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c. True petals none, but the sepals petal-like (and 
involucre often simulatinfi; a calyx). 

D. Flowers in small umbels, or peduncles 1-fld. 

E. Involucre of 2 or more Ivs. some distance 


below the flower 1. Anemone 

EE. Involucre of 3 sepal-like leaves close to the flower 2. Hepatica 
EEE. Involucre of 3 compound Ivs., sessile at base 

of umbel: pistils fewer than in Anemone 3. AnemonelUi 

DD. Flowers in panicles or corymbs 4. Thalictrum 

cc. Time petals present: yellow 6. Ranunculus 

BB. Fruits, follicles. 

G. Flowers regular. 

D. Petals each spurred 6. Aquilegia 

DD. Petals none: sepals petal-like, yellow 7. CaUha 

DDD. Petals many: fls. very large and of shades of red: 

plant bushy 8. Paeonia 

cc. Flowers irregular; upper sepal spurred; 2 petals 

spurred 9. Delphinium 

BBB. Fruits, berries, red or white. 

c. Flowers with petals and 3-5 petal-like sepals: fls. 

small, white, in a short raceme 10. Actaea 

AA. Plants climbing by the leaf-stalks: stem woody 11. Clematis 


1. ANEMdRE. Anemony. Windflower. 

Low perennial herbs with mostly showy apetalous flowers and an invo- 
lucre of 2 or more mostly divided leaves standing some distance below the 
flower: pistils ripening into a head of achenes. 

a. Achenes woolly or silky, 

A. jap6nica, Sieb. & Zucc. Japanese anemony. Three ft., blooming in 
fall, with pink or white flowers 2-3 in. across: leaves with 3 cordate-ovate 
notched leaflets. Much planted. 

A. virginiina, Linn. Two ft., with involucre of three 3-parted leaves: 
flowers on long stalks arising in succession from succeeding nodes: sepals 5, 
acute, greenish white: head of fruit oblong, ^ in. long. Woods. 

aa. Achenes not woolly or silky. 

A. quinquefdlia, Linn. (A. nemorosa of some). Common windflower. 
Low, about 6 in., blooming in rich woods in early spring: involucral leaves 3, 
each with 3 or 5 long leaflets: flowers white, purplish outside, pretty. 

2. HEPATICA. Liverleaf. Mayflower of some places. 

Differs from Anemone chiefly in having 3 simple sepal-like bracts be- 
neath the flower (but they are sometimes a half-inch removed from it): 
flowers in earliest spring, white, blush, or blue, on simple hairy scapes: 
leaves broad, 3-lobed. Woods. 

H. trfloba, Chaix. Leaves with rounded lobes. 

H. acutfloba, DC. Leaves with acute lobes. 
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3. ANEMORfiLLA. Hull Ane:;IONE. 

Attractive slender perennial herb, resmibh'ng Anemone: basal leaves 
2 or 3 times compound: involucre of 3 .‘impound h‘aves at base of the 
umbel: leaflets petioled: flowers in a terminal undel, on slender pedicels; 
petals wanting; sei^als 5-10, whitf‘ or pinkish, 1 in. brord, petal-like* pistils 
4-15; stigma broad, 80*^8110 on carpels, glabrous and deeply grooved. 

A. thalictroides, Spach. Ru*. anemone. vStem slender, 6-10 ii»., appear- 
ing in earliest spring before the 2-3 tematelj- compound basal leaves, rising 
from a cluster of tube.roii." un ts: seiials 5-10, bright, quite lasting. A com - 
mon spring flower of tlic wcxidland, appf'aring with the Wood Anemone or 
Windflower and easily (;on fused with it. 

4. THALlCTRUM. Miuuow Rue. 

Mostly smooth perennial herbs, erect, scmctimes several feet high; 
panicled flowers small, grc'cnish and incon-^picuous, often dimcious, or 
polygamous: foliage light, gracebd the alternate liv.vcs being 2-4 ternately 
compound, with the lcart(;ts and divisions stalked: caljTC of 4-5 petal-like 
greenish sepals, soon falling; stamens many; ovaries 4- 15, 1-seeded. 

T. diolcum, Linn. Early meadow rite. Flowers dimeious, green or pur- 
plish, in loose panicles: leaflets thin and delicate, 3-7-lobed, pale beneath, 
somewhat drooping on the pctiolules: anthers yellow, drooping on thread- 
like filaments: achenrs about 8, sessile or nearly so: 1-2 ft. high. Common 
in woodlands. April and May. 

T. pol^gamuxn, Muhl. Tall meadow rue. Coarse t, ranker and later than 
T. dioicum, 4-8 ft. high: filaments of stamens broad, spatulate: achenes 
stalked: flowers polygamous, sepals white. 

T. dasyc&rpum, Fisch. & Lull. Purplish meadow rue. Stem 2-5 ft. high, 
usually purplish: stem-leaves almost sessile: leaflets thick, dark green above, 
pale and waxy or downy beneath, margins slightly rolled or thickened: 
flowers polygamous or dicrcious, grceixish and purplish: anthers drooping 
on filiform filaments. June to August. 

5. RANIJNCULUS. Crowfoot. Buttercup. Figs. 202, 203, 207, 26S. 

Perennials or annuals, with mostly yellow flowers; sepals 5; petals 5 
and bearing a little pit or scale at the base inside: leaves alternate: achenes 
many in a head. 

R. &cris, Linn. Tall huttereMp. Two to 3 ft., from a fibrous root: leaves 
3-partcd, all the divisions sessile and again 3-cleft: flowers bright yellow. 
Europe, but now a common w'eed. Summer. 

R. bulbdsuB, Linn. Earlier and only half as tall, from a bulbous base: 
leaves 3-parted, the lateral divisions sessile and the terminal one stalked: 
peduncles furrowed: flowers bright yellow. Europe; common eastward. 

R. septentrionUlis, Poir. Stems more or less i>rostrate at base, often 
forming long runners: leaves 3-divided, divisions all stalked and 3-lobed or 
-parted: petals obovate, yellow. Wet places. 

R. abortlvus, Linn. Glabrous, biennial herb; 6 in. to 2 ft., branching: 
basal leaves heart-shaped or kidney-iorm, crenate (sometimes lobed), on 
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long stalks: later leaves, often 3-5-lobed or -parted, and sessile or nearly so: 
petals small, yellow, not equal to the sepals: styles very short, curved. 
Shady woods and along stream-sides. April to June. 

R. micrdnthus, Nutt. Pubescent, smaller than preceding and basal 
leaves ovate, but not heart-shaped, some 3-parted: fairly common. 

R. recurvUtuSy Poir. Usually pubescent, erect, branching, 1-2 ft. : leaves 
all petioled and similarly 3-parted : sepals longer than the pale yellow petals 
and recurved: beaks of achenes strongly hooked. Common. Spring. 


G. AQUILilGlA. Columbine. 

Upright herbs, with compound leaves which have petioles expanded 
at the base: sepals 5, somewhat petal-like; petals 5, each one produced 
into a long nectary spur; pistils 5: fruit a several-seeded follicle. Delphinium 
or larkspur is an allied genus. 

a. Sjmrs straight. 

A. canadensis, Linn. Common wild columbine. Often 
incorrectly called honeysuckle. Fig. 517. About 2 ft.: 
leaflets rounded or obovate, toothed at top: flowers 
about 2 in. long, drooping, scarlet and orange or nearly 
yellow, the stamens projecting. Common on rocks. 

A. chrys&ntha, Gray. Yellow columbine. Flowers 
517 ^ ' bright yellow, often tinged, erect or becoming so. New 
Aquilegia canadensis. Mexico and Arizona, but frequent in gardens. 



aa. Spurs hooked at the end. 

A. vulgHris, Linn. Blue columbine. A European species, common in 
gardens, and often full double: flowers varying from blue and purple to 
white, with rather short and thick hooked spurs. 


7. CALTHA. Marsh Marigold. Cowslip (in America) 

Low tufted herbs with undivided leaves, and clusters of yellow butter- 
cup-like flowers: sepals 5-9, petal-like; petals none; pistils 5-10, ripening 
into several-seeded follicles. 

C. paliistris, Linn. About 1 ft. high: leaves rounded or kidney-shaped, 
crenate or nearly entire. Wet places, in early spring. Used for “greens.” 


8. P.£6NIA. Peony. Piney, 

Stems shrubby and perennial or, as in the commoner garden forms, her- 
baceous, from thick, fleshy roots: leaves ternately and pinnately compound: 
flowers large, terminal, solitary; sepals 5, unequal, leafy, persistent; petals 
6 to indefinite in number; ovaries 3-5, surrounded by a disk: fruit, many- 
seeded follicles. Oriental. 

P. officinlllis, Linn. Common garden peony. Large flowers, double, 
red, pink, flesh-colored to white; carpels 2, pubescent, forming 2 erect, 
many-seeded follicles. June. 
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9. DELPHfNIUM. Larksiur. Figs. 224, 226. 269, 270. 

Stems erect, simple or branching, with altej-nate leaves, petioled, pal- 
mately-divided or -lobed: flowers in a termiurl raceme^ or panicle, white, bhie, 
purple and showy, with irregular sepals and petals sepals 6, colored, the 
upper spurred behind: petals 4 (rarely 2), the joper prir spurred, »nd in- 
closed in the spur of the sepal, carpels 1-5, sessile, foj-ming many-seeded 
follicles. Several wild anfl cultivated species. 

D. Ajicis, Linn. Annual. 1-2 ft.: flowers purple, roseate or white, 
sometimes double, many in virowded racemes; pistil 1: follicle pubescent, 
with short, stout beak. Cultivated and a showy gaidon plaxit; sometimes 
escaped from gardens. 

D. tric6rne, Michx. Perennial, 6 in. to 1 or 2 ft.: flowers blue or white, 
in few-flowered racemes (0-12): leaves S-parted, the divisions 3-5-cleft; 
pistils 3: follicles widely div'erging, short-beaLed. In rich soil, west ot 
Alleghanies. April to June. 

10. actAa. Baneberry. 

• Erect, perennial plants, in ricli woods, 2-3 ft., with conspicuous red or 
white berries: stems mostly simple, bearing large, ternately compound 
leaves, the leaflets ovate but sharply cut-lobed or toothed; flowers small, 
white, in thick terminal racemes; sepals 3-5, soon falling; petals 4 10, long 
clawed, flat, spatulatc; stamens many, filaments white and slender; ovary 
1, with a broad, sessile, 2-lobed stigma, maiiy-ovuled. 

A. &lba, Mill. White baneberry. Raceme oblong: petals truncate, 
pedicels thickened, and usually red: berries white, ellipsoid. Common in 
woods. April to June. 

A. rubra, Willd. Red baneberry. Raceme ovate or hemispherical; 
petals acute; pedicels slender: berries cherry-red (sometimes white), oval 
or ellipsoid. Common in woods, especially northward. In bloom, April, 
May. 

11. CLEMATIS. Virgin’s Bower. Figs. 77, 178. 

Herbs, or somewhat woody, generally (Jimbing by clasping petioles: 
leaves opposite, simple or compound : flowers apetalc us, or petals very small ; 
sepals 4 (rarely more) and colored; stamens many, a number of them (some- 
times all) usually sterile; pistils many in a head, bearing the persistent, 
plumose or silky styles. Many large-flowered cultivated forms. 

C. yeiticilliris, DC. A woody climber, nearly smooth: leaves in whorls 
of 4’s, each 3-foliate; large, purjfle flowers 2-3 in. across, at each node. 
Not common, belonging mainly to the North and to mountainous districts. 
May, June. 

C. Vi6rna, Linn. Leavfjs mostly pinnately compound, with 3-7 leaflets, 
entire, or 3-lobed: flowers solitary and usually nodding on long peduncles, 
bell-shaped, having peculiarly thick sepals, with their points recurved; 
purplish-red color: the long akenes plumose. Climbing. Pennsylvania, west. 
May to August. 

C. yirginiina, Linn. Common virgin's bower. Old-man vine (from 
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the heads of hairy styles). A common climbinR plant, along fences, streams 
and in low woodlands: leaves compound, glabrous, with 3 leaflets cut or 
lobed and nearly heart-shaped at base: flowers small, in leafy panicles, poly- 
gamo-dioecious; petals none, but sepals whitish, thin, spreading: styles 
long-plumed in fruit, making a feathery cluster. July, August. 


XVI. BERBERIDACE^. Barberry Family. 

Herbs and shrubs with alternate or radical leaves, sometimes with 
stipules: flowers regular, perfect (except 1 genus), hypogynous, soli- 
tary or racemed; sepals and petals usually in several rows of 3 each, 
and calyx colored; stamens as many as petals (rarely more) and one 
opposite to each petal: anthers opening at the top by 2 valves or 
lids (except in Podophyllum): pistil 1: fruit a berry or pod. About 20 


genera and 100 species. 

A. Shrubs: flowers yellow: berries red or orange, remaining 

on branches into the winter 1. Berheris 

AA. Herbs. 

B. Flowers on leafless scapes: leaves radical, each 2- 

parted: fruit a pod, opening at the top by a lid 2. Jeffersonia 

BB. Flower on short pedicel, in fork between 2 large 

leaves; fruit a large, oval, edible berry 3. Podophyllum 


1. B^RBERIS. Barberry. Figs. 168, 221. 

Shrubs, often spiny: flowers yellow, in drooping racemes; sepals 6-9» 
colored, bracted; petals 6, each with 2 basal glandular spots; stamens 6, 
irritable, bending inward wh<‘ii touched; pistil 1; stigma circular, sessile: 
berries sour, 1— few-seeded: leaves simple or compound, bases dilated and 
jointed on short petioles, usually spiny-toothed, sometimes reduced to 
elerft spines. 

B. vulg&ris, Linn. Common barberry. Leaves with repandly-toothcd 
margins, teeth 8i3i nous-pointed or represented by branched (3-pronged) 
sx)ine8: berries oblong, scarlet, acid. Europe; but cultivated and naturalized 
in eastern and middle states. 

B. canadensis, Mill. Shrub 1-3 ft., native to southern mountains, 
with oval berries and few-flowered rac*emes. 

B. Thiinbergii, DC. Cultivated, low shrub with small entire leaves and 
handsome horizontal sprays: flowers solitary or in pairs, on slender pedicels, 
from leaf-axils: berries bright red, remaining on the twigs into the winter: 
leaves H“1 long, also red in fall. Japan. 

2. JEFFERSdNIA. Twin-leap. Rheumatism Root. 

Perennial glabrous herb, from roots of matted, blackish fibers, with 
ample 2-parted leaves, rising on long petioles from'' \p roots: scape bearing 1 
terminal large white flower; sepals 4, soon falling; petals usually 8, oblong; 
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Btamens 8, with linear an i hers on slim Xiamen ts; stigma peltate, with F'any 
ovules on lateral piacentte: pod green, leathery, beconung pear-shaped and 
dehisces by a lid, opening half-way round llie upper part, from which tJ>e 
many, rounded seeds, arilled on one side, spdl forth. 

J. diph;^lla, Pcrs. Scape erert to 8 or 12 ii\; leaves divided longitu- 
dinally into 2 parts, with usually mtire margins. Very interesting little 
I)iant in rich woods, spring; sometimes cultivetcd. 

3. PODOPHYLLUM. May Afple. Mandrake. 

Smooth perennials from creeping horiaoiital rootstocks, and thick, 
fibrous roots: stems smooth, simple, carrydiig large, peltate, glossy-green 
leaves and a solitary white flower: sepals 6, petal-like, ooon falling; petals 
fi~9, concave, broad and large; slarriens as many or twice as many as petals; 
pistil 1, with sessile, large., thick, t’ligma: fruit a large, fleshy, ovtd 1-celled 
berry, filled by many seeds, each see^i inclosed in a pulpy aril, edible. 

P. pelt&tum, Linn. Leaves 2, large, orbicular, peltate, deeplv 5-9-lobed 
and few-toothed: flowers fragrant, solitary from the common axil of the 2 
stem leaves, borne on a short, recurved peduncle: petals, large, white, wax- 
like: common in rich, shady, woodland, often in large patches. Mey. June. 


XVII. NYMPIIiEACE.®. Wateu-Lily Family. 

Aquatic, perennial herbs, with very large rootstocks under water: 
leaves large, peltate or heart-shapeni, often floating: flowers solitary, 
on axillary peduncles; sepals 3-t') or fl; petals 5 to many; stamens 5 
to many, with large, erect anthers; carj^els 3 to many, distinct, or united 
in a circle or with the receptacle; fmit indehisetmt, or group of distinct 
carpels. Eight genera, of wide distribution in fresh water. The great 
Victoria Regia of the Amazon, and often cultivated, belongs here. 


A. Flowers white: sepals 4 L Caatalia 

AA. Flowers yellow: sojials 5 or more 2. Nymphaaa 


1. castAlia. Water-lily. 

Herbs with floating leaves and beautiful, large, many-petaled flowers: 
sepals 4, white, green without; petals large, wax -like, gradually becoming 
smaller, and passing into the, yellow stamens which are adherent to the 
many-celled ovary; stigmas radiate (as in a poppy head) from a center: 
fruit ripens under water. 

C. odorilta, Woodville & Wood. White water-lily. Flower 2—6 in. across, 
very sweet-scented: petals oftenest white, sometimes tinged with pinkish. 
Common. 

2. NYMPH.^A. Yellow Pond-lily. 

Distinguished from ’ water-lily by the leaves, which arc more or less 
heart-shaped, floating or erect: also by the flowers, which are 2-3 in. in 
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diameter, with small, linear, yellow or purplish petals, becoming stamen-like 
toward center: fruit ripens above water. The name Nymphaia is sometimes 
applied to the genus Castalia. 

N. &dvena, Ait. Spatterdock. Leaves oval, thick, 6 in. to 1 ft. long, 
floating or erect: flowers yellow, sepals 6 or more, not equal; petals thick, 
truncate, resembling stamens. 

XVIII. PAPAVERACEJC. Poppy Family. 

Herbs with milky or colored juice (acrid and narcotic), alternate 
or radical exstipulate leaves, the upper rarely opposite: flowers mostly 
single, regular or irregular, perfect; sepals 2 (rarely 3 or 4), falling as 
the flower opens; petals 4-() (or more), imbricated, often crumpled in 
the bud, and early falling; stamens usually many; ovary 1- to many- 
ovuled, 1 -celled: fruit a dry pod or capsule, 1-celled or, in Poppy, 
imperfectly many-celled, g(*nerally dehiscing by a pore or by valves. 


Small family of mostly small but usually showy herbs. 

A. Plants with white (milky) juice 1. Papaver 

AA. Plants with colorless juice (watery) 2. Eachscholtzia 

AAA. Plants with red or orange juice. 

B. Flower-bud erect: flow^ers white, in earliest spring. . . .3. Sanguinaria 
BB. Flower-buds generally nodding; flowers yellow. 

c. Stigma :L4-lobed, on a short style. Cayisulo ovoid.4. Stylophorum 
cc. Stigma 2-lobed, about sessile: cansule long 5. Chelidonium 

1. papAver. Poppy. 


Herbs with white juice; stems smooth or hairy, erect, and the terminal 
buds nodding, but erect in flower and fruit: sepals 2 (or 3) soon falling; petals 
4-6; sessile stigmas united to form a rayed disk. 

P. somniferum, Linn. Opium poppy. Annual, erect to 1)^-2 ft., 
branching, glaucous, with large, white or purplish-centered flowers on long 
peduncles: leaves s(*ssile, clasping, variously incised: capsule smooth. 
Cultivated for opium and for ornament. 

P. Rhdfeas, Linn. Corn poppy. Shirley poppy. Annual, bristly, hairy, 
the leaves deeply lobed: flowers mostly red or scarlet with a dark center, 
varying in cultivation: i)od small. 

P. orientille, Linn. Stem rough-hairy, 1-flowered: flowers very large, 
brilliant, scarlet: leaves scabrous, deep green, about pinnate. A favorite 
perennial in gardens. 

P. nudicaflle, Linn. Iceland poppy. Rather delicate, hairy, with leaves 
radical, pale green, and pinnately incised: flowers single, on slender, hairy 
scapes, orange or white. Gardens. 

2. eschsch6ltzia. 

Annual or perennial herbs: leaves glaucous, finely pinnatifid: sepals 2, 
cohering as a pointed cap, falling as flower opens; petals 4, yellow or orange 
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or cream-colored; stamens many, adherent tf' petals; stigmas 2-6, sessile: 
pods long, cylindric, grooved, many-seeded. 

£. calif6rnica, C'bam. California poppy Odtiviit'^d in flower-gardens: 
stem branching, le.'ify: flowers showy aad large, ’•eceptacle funnelfonn, 
with a broadly dilated rim : pod long and slende/ ("laliforuia. 

3. sanguinAria. BnoonnooT. 

Low, acauloaeent perennial, from thick, horizontal, pointed and scaried 
rootstocks, with juice red and acrid: in /ei^ f‘arly s]»ring a naked scape, 
carrying 1 terminal whit" flower, enfolded at first bj’^ 'ong-pet*oled kidney- 
shaped or cordate, glaucous, painiatiJy veined leaf; sepals 2, soon falling; 
petals 8-12, unequal, in 2 rows, not lasting; stannuis many: fruit a capsule, 
oblong, swollen, l-celled, many- seeded, 2-valved, flehiscrnt at base. 

S, canadensis. Linn. Flower 'urge, white, frigile, on a scaptj about fl 
in. tall: glabrous and glaucous: leaves with rounded lobes and sinuses. 
Common in rich, open wood.s and on sunny banks; (c./ly spring. 

4. styl<5phorum. Cklandjne Poppy. 

Hairy herbs with yellow juice, and pinnatoly divided leaves: howere 
large, yellow: stylo 1: stigma 3-4-lobed. 

S. diph:^Uum, Nutt. Low i>erennial, usually with two opposite, pinnately 
parted leaves on the stem; leaves often marked with white, ,')-7-lob(‘d: 
flowers few, in umbels, large, 1)'^"2 in. across, clear yellow’. PVequcnt in 
rich woods in central states. May. 

6. CHELIDdmUM. Celandine. 

Rather weak, branching herbs; perennial; leaves alternate, pinnatifid: 
juice deep yellow: flowers yellow^, small, the bud nodding; sepals 2; petals 
4; stamens many. 

C. mdjus, Linn. Along roadsides, about fences, as a weed, growing 1-4 
ft. high: leaves thin, once or twice pinnatifid: flowei.d in loose umbels, 
soon perishing, about iu- in diameter. 


XIX. fumariAce^. 

Smooth, succulent herbs with noticeably delicate, finely dissected, 
or lace-like leaves, alternate or radical, exstipulato: flowers small, 
irregular, racemose; 2 very small sepals, scalc-like; petals 4, small, 
partially united: 6 diadeljjhous stamens (2 sets of 3 each); ovaries 
1-cclled: fruit a pod, l-celled, 1 -seeded and indehiscent, or several- 
seeded- with 2 parietal placentae. 

A. Corolla 2-Bpurred at base, or heart-shaped: fls. pendent. ... 1. Dicentra 
AA. Corolla with 1 spur at base. 

B. Pod slender, several-seeded: seeds arilled, or crested 2. Corydalia 

BB. Pod globular, 1-seeded, indehiscent 3. Fumaria 
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1. DICliNTRA. 

Low, acaulescent perennials, among the earliest and most delicate of 
spring flowers: leaves compound in 3’s, finely dissected (lace-like), on 
tender pinkish petioles from the roots: the racemose, nodding flowers borne 
on leafless, flesh-colored scapes; i)edicels 2-bracted; corolla peculiarly 
irregular — 4 petals in 2 pairs, the 2 outer spurred at base, somewhat united 
to form a 2-spurred corolla, the inner pair of petals sx^oon-shaped, crested, 
meeting over the i^istil and stamens; stamens 6, in two sets, opposite the 
outer petals. 

D. Cuculldria, Bernh. Dutchman's breeches. Leaves from a cluster of 
little pinkish tubers, forming a bulb: flowers with straight spurs, longer 
than pedicel, and diverging, mostly creamy with yellow tips to petals, not 
fragrant. 

D. canadensis, Walp. Squirrel corn. Similar to the preceding, but 
leaves usually glaucous: root-tubers 5’^ellow, resembling grains of Indian 
corn: flowers differing in shape from D. Cucullnria in being more elongated, 
spurs sliort and rounded, and the crests of the inner 2 i>etals i)rominent: 
fragrant. Blooms a little later than preceding, but found in same 
situations. 

D. spectilbilis, DC. Bleeding-heart. A smooth, leafy-stemmed plant of 
many gardens; stems much branching; leaves large, twice ternatt'ly com- 
I)ound: flowers many and showy in long racemes drooi)ing from the curv- 
ing stems, heart-shaped, bright rose or pink; no sex)als when in full flower. 
Siberia. 

2. CORtDALIS. 

Biennial or i^ercnnial herbs with leafy stems, pale or glaucous: leaves 
much divided or decomiiound : flowers small, in racemes; corolla 4-petal ed, 
irregular; one of the outer i)air of i)etals spurred at the base, all erect and 
somewhat united. 

C. sempervirens, Pens. Stem slender, erect, 6 in. to 2 ft. : leaves small, ses- • 
sile abov(', all finc'ly dissected: flowers horizontal in terminal racemes; spurs 
short and blunt; corolla rosy, yellow-tix)l>ed ; outer petals sharp-pointed: pods 
erect, slender. May to June. 

C. aurea, Willd. Low, diffuse or sijreading: flowers yellow, ^ in. long; 
outer petals keeled, not crested; spur shorter than pedicel in.), decurved: 
pods hanging or spreading, knotty. March to May. 

3. FUMARIA. Fumitohy. 

Annuals, branched and leafy-stemmed: leaves compound, finely dissected: 
flowers small, in dense racemes or spikes; petals 4, unequal, l-8X)urred at 
base; stamens 6, diadelphous: fruit small, globular, 1-seeded, indehiscent, 
the style falling. 

F. officin&lis, Linn. Low', much branched, erect to 1 ft., glabrous: flowers 
pun^le-tipped, pinkish, minute, in loose spikes ; sepals acute, sharply toothed, 
shorter than corolla. Waste places. Summer. Introduced. 
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XX. CRUCIFER.®. Mustard Family. 

Herbs, mostly of small stature, with ahrmatc iiios+ly simple leaves* 
flowers 4-merous as to envelopes, the 4 petals i.sually standing 90 
degrees apart and thereby forming a cross (whence the name Crucift rae, 
or ‘'cross-bearing”); stamens usually 6, 2 of them shorter: fruit 
a silique or siliele. A very ujitural or wcll-maiked family, with aboi^t 
180 genera and nearly 2,(X){^ species. Familiar plants are mustard, 
shepherd’s purse, honesty, cress, pepper-grass, wallflov*er, stock, 
cabbage, turnij), radish, hors«* -radish. 


A. Fruit a silitiue (muf'h Iong<‘r tl an broad). 

B. Silique tipped with a long point or beak, extending 

beyoiid the valves, tht'. latKv more than 1-nerved. . 1. Brassica 
BB. Silique not prominently beaked beyond the valves. 

c. Flowers yellow 2. ISarbarea 

cc. Flowers white or purple. 

D. Valves with a midrib, or seeds in 2 row's. 

E. Stigma deeply 2-lobed: flowt rs large 3. Matthiola 

EE. Stigma but slightly, if at all 2-lobed 4. Arahis 

DD. Valves without midrib. 

E. Seeds in 1 row. 

F. Stems leafless below, wdth 2 or 3 leaves near 

middle: rootstock scab^ 5. Dentaria 

FF. Stems leafy: roots more fibrous 6. Cardamine 


EE. Seeds in 2 row's in each cell. (Water plants. 
Sec Radicula.) 

AA. Fruit a silicic (short and broad). 

B. Partition in the pod parallel to the sid(js. 

c. Fruit not much compressed: seeds minute, in 2 


rows in each cell 7. Radicula 

cc. Fruit quite flattened, 2-8-seeded 8. Alyssum 

BB. Partition crosswise the pod. 

c. Pod ohcordate, many-seeded 9. CapseUa 

cc. Pod orbicular, 2-seeded: corolla regular 10. Lepidium 

ccc. Pod rounded or ovate: corolla irregular with un- 
equal petals 11- Iheris 

AAA. Fruit fleshy, indehiscent, constricted between the 

seeds 12. Raphanus 

1. brAssica. Mustard. 


Erect branchy herbs, mostly annual, with more or less lyrate lower 
leaves, and small yellow flowers in racemes or panicles: petals clawed or 
narrowed below, the limbs spreading horizontally: silique narrow, cylindrical 
or 4-anglcd, the valves l-'.5-nerved and the seeds in 1 row in each locule. 
Cabbage, cauliflower, and turnip also belong to this genus. The three fol- 
lowing are common weeds introduced from Europe: 
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B. nigra, Koch. Black mustard. Fig. 518. Leaves pinnatifid, some- 
what hairy: pod short, strongly 4-angled, not hairy. Mustard (flour) comes 
largely from this species. 

B. ilba, Boiss. White mustard. Leaves pinnatifid, and rough-hairy: 
pods rather slender, hairy, but only the lower part seed-bearing. 

B. arvensis. Kuntze. Charlock. Leaves strongly toothed: 
pod knotty, hairy or smooth, the upper third indehiscent and 2- 
edged. Fig. 413. 

2 . barbar£:a. Winter Cress. 

Low herbs, blooming in early spring, with many small light 
yellow flowers, and lyrate leaves with the terminal division much 
the largest: iiod cylindrical or somewhat 4-angled, the valves 
having a strong mid vein: seeds a single row. 

B. vulgaris, R. Br. Common winter cress. Yellow rocket. 
Biennial, about 1 ft. high, with smooth foliage and flowers in 
elongating clusters: lower leaves lyrate, upper ones cut or merely 
toothed. Low grounds. 

618. 

Brawica 3 MATTH!0LA. Stock. Gilliflower. 
mgra* 

Cultivated garden or house plants from Europe: stems and 
leaves hoary-pubescent: flowers showy, single or double, of many colors, 
fragrant, in terminal racemes; stigma deeply 2-lobed : silique nearly cylin- 
drical, with prominent midrib on each of the 2 valves; seeds winged. 

M. incHna, R. Br. Biennial or perennial with stout, rather woody steni : 
leaves lanceolate, entire: flowers white, varied shades of red, purple, etc. 
Much grown in gardens and greenhouses. 

4. Arabis. Rock Cress. 

Mostly very small herbs with purple or white flowers: stems leafy: rad- 
ical leaves spatulat(^, the stem-leaves sessile: siliques very narrow, elongated, 
flat, the valves smooth, keehtd or one-nerved in the middle, or veined length- 
wise; seeds in 1 or 2 rows in each cell, flattened, usually margined or winged. 

A. canadensis, Linn. Sickle-pod. Biennial with stems erect, 1-3 ft.: 
leaves lanceolate, pointed at both ends, simple, toothed or entire, sessile, 
pubescent: flowers small, white, petals twice as long as sepals: pods long, 
flat, sickle-shaped, iiendent on hairy pedicels; seeds broadly wdnged. Com- 
mon in woods and rocky ravines. 

A. glibra, Bernh. Biennial tall, 2-4 ft., glaucous above, but pubescent 
at base, with many stem-leaves, ovate-lanceolate, sessile, sagittate-clasping 
at base; petals yellowish white, scarcely longer than the calyx: pods narrow, 
erect: seeds in 2 rovrs, marginless. Fields and rocky places. 

6 . DENT Aria. Toothwort. 

Low herbs, perennial, found in damp woodland, blooming with the early 
spring flowers, bearing flowers in corymbs, white, roseate or purplish, 
larger than the similar flowers of Cardamine; rootstocks long, horizontal, 
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scaly or toothed, aromatic or with cress-iike tasie; seems erect, unbraiichcd, 
leafless below, with 2 or 3 palmattly divided or compound leaves on petioles; 
near the middle: fruit a linear silique, flatt'^'ned, valves not nerved, with 1 
row of seeds in each cell ; seeds not winded. 

D. diph;^lla, Miciix. Crinkle-rooL Pepper ‘''oot. fitem erect, from a 
toothed rootstock: leaves usually 2: leaflets 3-parted, wide-ovate, with 
margins dentate: flowers white. 

D. laciniita, Muhl. Fig. 266. Rootstock deep, short, tuberous, con- 
stricted in several places (net klace-likey: stem-leaver 3, nearly verticillate, 
deeply 3-partcd into lan(‘eolate, linear or oblong leaflets, whicl* arc lobed or 
toothed, and some 2-cleft: fl«jweis white or pinkish, smaller than preceding. 

C. CARDAMiNE. BiTTEll-CJlESS. 

Very similar to Dentaria. the ‘hief differenot being in the stem, which 
ig leafy, and the leaves siinpie, usually more or loss lobed, alternate on stem. 
Glabrous perennials, growing in ’vet places and along waterwayc, from 
fibrous roots or tubers (not scaly rooostocks), the flowers white or purple in 
terminal racemes. 

C. bulbdsa, BSP. Stem simple, ereeb 9-18 in., from a tuber: ieaves 
simple, petioled below, ovate or rhombic-oblong in shape: petals white, 
small, much longcT than calyx. A vari(‘ty jmrjmrca, not so tall (4-6 in.), 
with rose-colored flowers, appears even earlier than the type. 

7. RADICULAv Water-chess. Horse-radish. 

- Low, mostly aquatic or marsh plants, wuth pinnate or pinnatifid leav(‘s 
(sometimes simj>le); flowers small, white or yellow, with spreading sepals; 
stamens 1-6: fruits various, short and broad (silicic) or short- cylindrical: 
valves convex, nerveless or l-iKTvcd. Formerly called NnalartiunK 

R. Nastiirtium-aquaticum, Britten A Rendle. W atcr-crcss. Glabrous, 
growing in or about water: stems spreading, rooting at the nodes: leaves 
pinnately lobed, with 3-11 lobes, the terminal segment largest: flowers 
small in racemes, which elongate as the fruits mature: petals white and twice 
as long as the sepals. A favorite plant for salads. 

R. paliistris, Moench. Marsh-cress. Annual or biennial, with simple, 
fibrous roots: stem erect, 1-2 ft., glabrous or slightly pubescent: pinnately 
lobed leaves, the upper sessile: flowers small, yellow: pods oblong or ovoid, 
turgid, little if any longer than the pedicels. Weed in marshy places. 

R. Armor&cia, Robinson. Hoise-radish. Cultivated, but sometimes 
escaped into waste grounds: perennial, the roots long and thick: root-leaves 
large, coarse, glabrous, oblong, crenatc, rarely pinnatifid, on thick petioles, 
the stem leaves sessile, lanceolate: flowers small, i>etals white, longer than 
calyx. 

8. ALtSSUM. Alyssum. 

Small plants, mostly trailing, with entire and small leaves: pod small, 
orbicular, 1 or 2 seeds in each locule: flowers in elongating racemes. 
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A. maritimum, Linn. Sweet alyseum of the gardens (from Europe). 
Fig. 519. Annual, producing a profusion of small white, fragrant flowers. 
There are many cultivated forms. 

9. CAPS^LLA. Shepherd’s Purse. 

Low short-lived annuals, with very small white flowers in racemes: 

pod obcordate or inversely triangular, the partition run- 
ning across the narrow diameter, containing several seeds. 

C. Biirsa-pastdris, Medic. Common shepherd's purse. 
Fig. 286. One of the commonest little weeds: root-leaves 
pinnatifid or strong-toothed, in a rosette, the stem-leaves 
arrow-shaped. Europe. 

10. LEPfDIUM. Pepper-grass. 

Small stiffish annuals (or biennials), which shed their 
loaves late in the season: flowers very small, white or 
greenish, in elongating racenjes: pod small and roundish, 
the partition running across the narrow diameter. Plant 
peppery to the taste. 

L. virgfnicum, Linn. Common pepper-^grass. About 
1 ft. high, much branched, glabrous: leaves linear to 
lanceolate, tapering to the base, the lower mostly pinnatifid. Common 
weed; often fed to canary birds. 

11. 1B£RIS. Candytufi’. Fig. 192. 

Herbs with white, or purple flowers in flat or elongated clusters; 2 outer 
petals larger than 2 inner: silicles flattened, truncate, cells l-seeded. Cul- 
tivated. 

I. umbellita, Linn. Annual, 1 ft. or more: lower leaves lanceolate, the 
upper linear and entire: flowers mostly purple or lilac in flat clusters: 
silicles acutely 2-lobed. June and July. 

I. amdra, Linn. Annual: leaves lanceolate, toothed toward apex: flowers 
white. The common white-flowered candytuft, in many forms (including 
the garden I. coronaria). 

12. KAPHANDS. Radish. 

Annual or biennial herbs, with lyrate, pinnately-lobed root-leaves: 
flowers rather showy in long racemes; calyx erect; petals clawed; style long 
and slender: pod linear, indehiscent, constricted between the seeds, pithy; 
seeds spherical. Europe. 

R. Raphanistrum, Linn. White charlock. A weed, common in the 
East: tap-root slender: petals yellow, fading to white or purplish: pod 4- to 
lO-seeded, long-beaked, constricted between seeds when dry. 

R. sattvus, Linn. Garden radish. Flowers pink or white: root fleshy, 
spindle- or turnip-shaped, red or white: silique 2-3-seeded, short and 
pointed, with fleshy partitions between seeds: seeds round and blackish. 
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XXI. VIOLACEiE. Violet I^amilt. 

Ours herbs with or without stems, and simple, entire or cleft leaves, 
radical or alternate, with stipules: flowers 8ho\^’y, irrejijular, solitary 
on peduncles; sepals persistent; petals unciqual, the lower one larger 
or spurred at base; stamens ivith filaments short, broad, continued 
beyond the anthers, usually coherent, joining over and ar^ound the 
pistil; ovary simple, 1-celled, 3 parietal placentae: fru’t a 3-valved 
capsule, loculicidal, and, after dehiscence, edges strongly inrolled in 
drying, thus dispersing the seeds. C)ne genus is well known. 

ViOLA. Violets. Heart’s-ease. Johnny -jump up. Fig. 2So. 

Early flowers conspiruoiis and petaJiferous, but frequently sterile; some- 
times later flowers cleistogamous, concealed under the leaves, apetalous 
and self-fertilized, u.sually developing seeds; sepals eared at base; petals 
unequal, the lower spurred or saccate at base; stamens 5, 2 with spurs which 
project into the corolla spur. 

a. Stemless: leaves basal: fioivers on peduncles from rootstochs, 
b. Flowers blue or violet: side petals beardless. 

V. pedftta, Linn. Bird's~fooi violet. Not stolonifcrous, rootstock short, 
stout, nearly smooth; leaves orbicular in outline, but painmtely 3- or 5-1 1- 
lobed or divided, segments linear not lanceolate: flowers large, 1 in. broad, 
pale violet or deep j^urple (varying to white); stigma large, not beaked. 
Sandy soil. Var. bicolor has 2 upi)er petals deep velvety violet, 3 lower pale 
blue. 

bb. Flowers blue or violet: side petals bearded. 

V. palmUta, Linn. Common, or early blue violet. Pubes(;ent to nearly 
glabrous: rootstock stout and scaly: early leaves rounded, cordate or kidney- 
shaped, margin crenate, the later leaves various, p^lmately or pedately 
lobed or parted, on long stalks: flowers deep or pale blue; spur short, 
saccate; stigma beaked. 

V. cuculldta. Ait. Common blue violet, A conjmon form, variable and 
grading into V. pahnata: leaves not lobed or toothf d at base, merely crenate 
or dentate, kidney-form to broadly ovate: nearly or quite glabrous. 

V. sagitttta, Ait. Leaves sagittate-lanceolate, or often cordate, toothed 
near base: scapes bearing the flowers shorter than the leaves, 3-5 in.; 
sometimes all petals bearded; stigma beaked; flowers usually large. 

V. odortta, Linn. Sweet violet. English violet. Hardy, cultivated 
species from Europe: stoloniferous by creeping runners: leaves downy or 
glabrous, rounded or heart-shaped or broadly ovate; flowers fragrant, single 
or double, sometimes white. 

bbb. Flowers white, 

V. lanceoUta, Linn. Rootstock smooth, creeping; stoloniferous: leaves 
lanceolate to linear, erect, the blade decurrent on the long petioles: flower 
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email, white, the lower and side petals purplish- veined: petals beardless 
cUiistogamous flowers on erect pedicels, frequently from stolons. Wet 
places. 

V. blinda, Willd. Sweet white violeU Stoloniferous from slender root- 
stock: flowers fragrant: petals beardless or nearly so, white veined with 
purple: leaves cordate or rounded: few cleistogamous flowers on curved 
stalks. Wet places. Plant small. 

bbbb. Flowers yellow. 

V. rotundifdlia, Michx, Stoloniferous: leaves rounded to cordate, mar- 
gin somewhat crenate, finally growing large, glossy and lying flat on the 
ground: flowers small: lateral petals bearded, .«nd with brown lines; sepals 
blunt-pointed. Cool woodlands. 

aa. Stems evident, leafy: flowers showy on axillary stalks, 
b. Flowers blue or violet. 

V. rostrUta, Pursh. Plant 3-8 in.: leaves rounded heart-shaped, serrate, 
the upper acuminate: stipules fringe-toothed, lanceolate: flowers pale violet, 
darker- veined: petals beardless: spur slender, longer than corolla. Moist 
woodland and shaded hillsides. 

V. arendria, DC. Stcmis weak, 6-8 in., glabrous: leaves heart-shaped 
or kidney-form, margin crenate: stipules lanceolate, somewhat fringe- 
toothed: spur slender, half as long as corolla. Swamps and wet places. 
Pale purple. American forms differ from the European. 

bb. Flowers white, tinged vnth pink or violet. 

V. canadensis, Linn. Upright, 6 in. to 2 ft. : stems leafy, stipules broad- 
lanceolate, entire: leaves large, heart-shaped, serrate: petals white inside, 
pinkish or violet beneath, spurred petal yellow at base: lateral petals 
bearded. Common. Rich woods. All sumnit^r. 

bbb. Flowers yellow. 

V. pub6scens. Ait. Downy yellow violet. Pubescent: stems erect, 6-20 
in., leafy: leaves broadly heart-shaped, toothed: stipules large, entire: root- 
leaves soon wither up: lower petals veined, more or less obscurely, with 
purple; spur short; stigma beaklcss: pod downy. Dry woods. 

bbbb. Flowers of various colors: cultivated 

V. tricolor, Linn. Garden pansy. Stems angular, branching, leafy: 
leaves roundish to cordate: stipules leaflike, incised: flowers widely varied 
in colors. Europe. Var. arvensis, in fields, is slender, and petals scarcely 
exceeding sepals. 

XXII. HYPERICXCE.®. St. John’s-wokt Familt. 

Herbs or shrubs (in our species), with leaves chiefly sessile, sim- 
ple, opposite, some with translucent or black dots: flowers regular, 
usually in terminal cymes, and yellow; sepals and petals 4 or 5; sta- 
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mens few to many, otien in 01118161*8 of 3 or 5, hj’^pogynous: pod 1- to 
7-celled. 

HYPERICUM. St. John*s-wort. Fiks. 208, ?78. 

Mostly branching plants with yellow flowers in cymes: leaves sessile, 
usually dotted: sepals and petals 5; stamens many, mostly in 3-5 groups. 

H. perfor&tum, Linn. A coir.nion introduced species: stems upright, 
1-3 ft., branching, 2-edge.d: leaves linear to oblong, dotted, sessile: flowers 
about 1 in. in ilianieter, th^* pe tals dotted vVith black and much exceeding the 
lanceolate sepals; stamens grouped in sets: capsule S-ce'k.d. Spreads 
by running shoots from base. 

H. punetdtum, Lam. Much like preceding, but leaves niorc broadly- 
oblong, sepals more ovab-. and the petals often lined, as well as dotted, with 
black. 


XXIII. PORTULAC.\CEJE. Purslane Famil’^. 

Herbs succulent or fleshy, with entire leaves, alternate or oppo- 
site, and dry stipules: flowers regular but not .symmetrical; sepals 2; 
petals 4-5 or none; stamens equal to number of petals and opposite, 
or fewer, or more; ovari6)s frec^, each 1 -celled; style 2-3-cleft, or di- 
vided, stigmatic on inner surfaces: fruit a 1-cellcd pod, opening loculi- 
cidally, or a pyxis, opening by a lid; seeds small, kidney-shaped, few 
or many. 

A. Stamens more numerous than petals: flowers opening once 


only, in sunshine 1. Portulaca 

AA. Stamens 5: flowers open for some time 2. Claytonia 


1. PORTULACA. Purslane. Fig. 280. 

Low, fleshy annuals, diffuse or ascending: terminal flowers, which open 
once only, in sunshine; sepals 2, joined at base and partially adherent to 
ovary; petals 4-6 on calyx, not lasting; stamens 7 to many, on calyx; style 
3-8-parted. 

P. olericea, Linn. Common purslane, Pusley. A very common weed. 
Smooth, fleshy, prostrate: stems cylindrical, reddish: leaves obovate oi 
wedge-form, thick, nearly sessile: flowers small, yellow, sessile, open in 
morning sunshine. Sometimes used for greens. 

P. grandifldra, Lindl. Rose-moss, Stems erect, 3-G in., fleshy, smooth 
or hairy: leaves alternate, cylindrical, 1 in. long: flowers open in morn- 
ing; very gay colors, white, yellow, reds, 1—2 in. wide. South America. 
Gardens. 

2. CLAYTONIA. Spring Beauty. 

Low, glabrous, perennial herbs, from small tubers: flowers lasting some 
time; sepals 2; petals 5, distinct or slightly united ; stamens 5, 1 on base 
of each petal; style 3-lobed; ovary 1-celled: capsule 3-valved, few-seeded: 



"372 


THE KINDS OP PLANTS 


Btom erect, usually bearing 2 leaves and terminating in a raceme. Among 
the first spring flowers in open woods. 

C. virginica, Linn. Leaves thickish, linear-lanceolate, 3-6 in. long, 
nearly sessile: stem about 3 in. from tuberous root, bearing 2 (3 or 4 occa- 
sionally) leaves: petals white or pink with darker veins, emarginate 
in. long; sepals and petals obtuse. 

C. carolini^na, Michx. Leaves 1-2 in. long, oblong or oval to spatulate, 
short-petioled : flowers fewer than in preceding, wliite or pinkish, veined. 


, XXIV. MALVACEiE. Mallow Family. 

Herbs or shrubs (trees in the tropics) with alternate, mostly simple 
loaves which have stipules: flowers perfect and regular, 5-merous, 
often subtended by a calyx-like involucre, the petals 5; stamens 
many, united in a column which closely surrounds the several styles; 
ovaries several, connivcnt into a ring or sometimes united into a com- 
pound pistil, in fruit making 1-seeded 1-loculed more or less indehis- 
cent carpels or a several-loculed capsule. About 60 genera and 700 
species. Representative plants are mallow, hollyhock, abutilon, hibis- 
cus, althea, okra, cotton. 

A. Anthers borne only at the top of the stamen-tube. 

B. Fruits 1 -seeded, forming a ring at the base; of the styles. 


c. Involucre of 3 bracts 1. Malm 

cc. Involucre of 6-0 bracts 2. Althaea 

BB. Fruit of 8<*veral-8eeded carpels 3. Abutilon 

A A. Anthers borne all along the side of the stamen-tube 4. Hibiscus 


1. mAlva. Mallow. 

Herbs, with a 3-leaved involucre like an extra calyx; petals obcordate; 
carpels many in a ring, separating at maturity, l-seeded and indehiscent: 
leaves usually nearly orbicular in general outline. 

M. rotundifdlia, Linn. Common mallow. Cheeses. Fig. 248. Trailing 
biennial or perennial, rooting; leaves orbicular, indistinctly lobed, toothed: 
flowers small, white or pinkish, clustered in the axils. Yards and roadsides; 
from Europe. A common weed. 

2. ALTHllA. Marsh Mallow. 

Differs from Malva chiefly in having a 6-9-cleft involucre. 

A. rdsea, Cav. Hollyhock. Figs. 222, 223, 263. Tall perennial, with 
angled or 5~7-Iobed cordate leaves, and large flowers in many colors. China. 

3. ABtTILON. Inbian Mallow. Fig. 182. 

Mostly shrubs, often with maple-like leaves, and no involucre to the 
flower: ovaries and fruits several-seeded. Contains conservatory plants. 
Fig. 620. 
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A. strifttum var. Th6mpsonii, Veitch. Spotted flowering naple. 
Shrub: leaves 3-5-lobed but more typically 5-74obed, green: flowers 
drooping, on long solitary axillary peduncles, bell -shaped, veiny-orange or 
red. A conservatory and house plant. Several forms are in cultivation, 
probably cultural variations from the tropical American type. 

A. Theophr^sti, Medic. Velvet leaf. Indian nuiLlow. Stout 
annual, 3 or 4 ft., densely pubescent: flower : yellow, erect, on 
peduncles shorter thaii the petioles: leaves large, roundish 
heart-shaped, taper-pointed, and velvv ty: ca,lyx 5-clcf t ; carpels 
12-15, united, pubescent beakf^d, 2-valvcd, with 3-9 seeds in. 
each cell. August to Octobt'r. Weed, troin Atia. 

4. HIBISCUS. RtJSE Mallow. 

Herbs or shrubs, with an involucre of many nairow 
bracts: stamen-column anther-bearing most (d its length: 
styles, 5, united: pod 5-loculed, loculicidal: flower < large and showy. 

H. syriacus, Linn. Althea of cultivated grounds. Rose of Sharon. 
Shrub 10 ft.: leaves wedge-ovate and 3-looed: flowers showy, in various 
colors, in the leaf-axils in summer and fjill, often double. Asia. 



XXV. GERANIACE^. Geranium Family. 

Herbs, chiefly with simple leaves: flowers perfect, in most genera 
nearly regular (but sometimes very irregular), 5-morou8; stamens as 
many or twice as many iis the sepals, hyf)()gynou8; ovary single, the 
locules usually as inanj^ as th(* sepals: fruit capsular. A most diverse 
family, often divided into several. There are about 20 genera and 700 
species. Common exampl(\s arc geranium, pelargonium, nasturtium, 
balsam, jewel-weed or toucli-mc-not, oxaiis. 

A. Flowers regular or very nearly so. 

B. Leaves simple (often deeply lobed). 


c. Anther-bearing stamens 10 1. Geranium 

cc. Anther-bearing stamens about 7 2. Pelargonium 

BB. Leaves compound 3. Oxaiis 

AA. Flowers very irrtigular. 

B. Flower with one very long spur 4. Tropseolum 


BB. Flower hanging by its middle, with a short hooked spur.S. Impatiens 
1. geranium. Cranesbill. 

Small herbs with forking stems and 1-3-flowered peduncles: sepals and 
petals 5; glands on the torus 5, alternating with the petals; stamens 10, 
usually all of them with perfect anthers: fruit 5 1-secded carpels separat- 
ing from the axis from the base upwards and curling outwards. 

G. xnacul&tum, Linn. Common wild cranesbill. Fig. 195. Perennial, 1-2 
ft., hairy erect: leaves orbicular, deeply 5-7-parted: petals entire, hairy 
on the claw: flower rose-purple, 1 in. across. Common; spring. 
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G. Robertiinum, Linn. Herh Robert. Annual or biennial, 1 ft. or some- 
timfs less, somewhat hairy, spreading; leaves ,3- or 5-dmded into pinnatifid 
divisions: fls. in. or less acro.ss, pink-red. Moist places; common. 

2. PELARGONIUM. Geranium of gardens. 

Somewhat fleshy, strong-scented plants, differing from Geranium in 
having a somewhat 2-lipped corolla, and stamens with anthers less than 10. 

P. hortdrum, Bailey. Garden geranium. Fish geranium. Fig. 39. Stem 
somewhat succulent and hairy; leaves orbicular or reniform, crenate-lobcd, 
often with bands of different colors: flowers in umbel-like clusters, deflexed in 
bu4 of many colors, oftesn double. South Africa, but of hybrid origin. 

P. peltatum, Ait. Ivy-lenved geranium. Trailing: filaments 10, some 
being sterile: petals pink or white, nearly equal; Jeav('s more or less peltate, 
nearly or quite smooth, 5-angled or -lobed. 

P. frigrans, Willd. Nutmeg geranium. Stems somewhat shrubby, 
and the branches straggling, thick, and softly hairy: leaves small, rounded, 
v(‘ry downy, fragrant: flow(‘rs .small, white. 

P. gravdolens, Ait. Hose geranium. Somewhat shrubby: filaments 10, 
som(' sterile: leaves divided palinately, the 5 or 7 lobes morc‘ or less toothed, 
revolute and I’ough-edged : petals not equal, but 2 upper larger: flowers 
umbelled, small, pinkish-lavender, veined with darker: plant verj’’ fragrant. 

3. 6XALIS. OxALis. Wood-sorrel. 

Low often tuberous herl)s with small flowers which have no glands on 
the torus-disk: l(*aves digitate, of 3 or more leafl(‘ts, usually mostly radical: 
flowers (oi)ening in sun) with 5 sepals and ])etals and 10 somewhat mona- 
delphous stamens, th(‘ alternate ones .shorter: pod 5-loeuIbd, often opening 
elastically. The following have 3 obcordate leaflets, closing at night. 

O. strfeta, Sav. Common yellow oxalis. Fig. 300. Stem leafy and branch- 
ing: t)edunclcs bearing 2 0 small yc'llow flowers. Common in fields. 

O. Acetosella, Linn. Wood-sorrel. Scape 2-5 in. high, from a creeping 
rootstock: flowers whiter and i>ink-veined. De(*j> woods. 

O. viol&cea, Linn. Scape .5-10 in. high wdth an umbel of several bright 
violet flowers, from a scaly bulb. Woods South, and a common window- 
garden plant. 

4. trop.«6lum. Nasturtium of garden.s. 

Tender, mostly climbing herbs (by means of leafstalks), with one of the 
6. petals extended into a long, nectar-bearing yellow spur: petals usually 5, 
with narrow claws, often bearded; stamens 8, of different shapes; carpels 
3, indehiscent in fruit. The following (from Peru) have peltate orbicular 
leaves (Fig. 140). 

T. m&jus, Linn. Climbing nasturtium. Tall-climbing: flowers yellow, 
red, cream-white, and other colors; petals not pointed. 

T. minus, Linn. Dwarf nasturtium. Fig. 211. Not climbing: petals 
with a sharp point. 
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5. IMPATIEWS. Touch-me-not. Jewfj.-weed. 


Soft or succulent tender herbs with simple alternate or opposite lea^’^es 
and very irregular flowers: sepals 3 to 5, usually 4, one of them produced 
into a large curving spur; petals appareatly 2, but e.*ch 
consisting of a united pair; stamens 5: fruit 5 vJved, 
elastically discharging the seede i vhence the names “Iru- 
patiens” and “touch-me-not”). 

I. Bals&mina, Linn. CartJca hnUam. Erect and stout, 

1-2 ft.: leaves lanceolate, toothc.d* flowers ia the axils, 
of many colors, often full doable. 

I. bifldra, Walt. (/. fulru^ Nutt.). Orange jeweUweed. 

Fig. 521. Tall branching ])lant (2-4 ft.) with alternate 
oval or long-oval blunt-toothcd 'oiig-stalk('d leaves: flowers yi in. long, 
horizontal and h.anging, orange-yellow with a red-spotted lower lip, the 
upper lip less spotted and ol oin- piece, the 2 green sepals at the apex of 
the pedicel closely appressed to the tube, the tail of the spur curled und(*r 
^ the spur: i)od oj.f ning elastically when ripe, throwing the 



Impatiens biflora. 



522. 


seeds (the 5 valves qui<*I.Iy curling from above down- 
wards). C'Onmijii in s whales. 

I. pMlida, Nutt. (/. aiiretiy Muhl.). Yellow jewel-weed. 
Fig. 522. Leaves usually stronger-toothed, the teeth usu- 
ally ending in sharp points: flowcTs 1 in. long and much 
broader than those of J, hifora, c](‘ar ytdlow, the upper lip 
of two parts, the lower also of 2 parts and nearly hori- 
zontal, the 2 sei)als at apex of pedicel large and not closely 
appressed, tail shorter: pods as in the other. Less common 


Impatiens pallida, than the other, but often growing with it. 


XXVI. SAPIND1CEJ5. Soapberry or Maple. 

Trees or shrubs, of variou.s habit: flowers polypotalous or apeta- 
lous, often inconspicuous, 4- or 5-merous: stamens 10 or less, borne 
on a fleshy ring or disk surrounding the single 2-3-loculcd pistil: fruit 
a pod or samara. A various family, largely tropical. Genera about 75 
and species about 600-700. Maple, box-elder, buckeye, horse-chest- 
nut, bladder-nut, are familiar examples. 

A. Herb: climbing by hook-like tendrils among the 

flowers in the cluster: fruit an inflated pod 1. Cardwapermum 

AA. Trees and shrubs. 

B. Stature of trees (or tall shrubs). 

c. Leaves simple (more or less palmately lobed) 
or (in 1 species) 3-5 pinnately compound: 


fruit a samara (with 2-winged seeds) 2. Acer 

cc. Leaves digitately compound, 5-9 leaflets 3. AElsculua 

BB. Stature of shrubs: leaves pinnately 3-7 compound: 

fruit a large bladdery pod 4. StaphyUa 
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1. CARD10SP£RMUM. Balloon-vine. Heart-seed. 

Vines climbing by axillary, hook-like tendrils among flower-clusters: 
leaves alternate, biternate, leaflets toothed: flowers dioecious, or some per- 
fect; sepals 4, 2 of them smaller; petals 4, irregular, each with an appendage 

at inner base; stamens 8, filaments un- 
equal; style short, 3-cleft; ovary triangular, 
3-ceIled, 1 ovule to each cavity: capsule 
membranous, much inflated. 

C. Halic^cabum, Linn. Climbing 
or spreading herb, delicate and slender: 
leaflets ovate-lanceolate, acute, cut and 
toothed: flowers small, white: fruit large, 
balloon-like, decorative; seeds black with 
white scar, hard, round. Cultivated. 
Summer. 



523. 

Acer saccharinum. 


524 . 

Acer rubrum. 


2. Acer. Maple. Box-elder. 

Trees or shrubs, with opposite lobod or parted leaves (pinnate in box- 
elder): flowers small and greenish or reddish, in early spring and often 
from winter buds, in box-elder diaH‘ious, in true maples perfect (or imperfectly 
diclinous); calyx about 5-cleft; pt^tals 5 or none; stamens usually 3-8: fruit 
a samara with 2 s(;eds and 2 wings. Two shrubby woods maples are common 
in some parts of the country. 


a. Maples: leaves simple., jmlmatcly lohed. 
b. Flowers from lateral wirUer buds, preceding the leaves: fruit 
maturing very early. 

A. saccharinum, Linn. {A. dasycdrjmm, Ehrh.). White or silver maple. 
Fig. 523. Flowers greenish, with no petals; knaves very deeply 5-lobed, 
silvery white beneath, the narrow divisions lobed and toothed: fruit with 
large spreading wings, downy when young. Common along streams and in 
low grounds; much planted. There is a cut-leaved form known as Wier’s 
maple, popular as a lawn tree. Wood white. Linnaeus thought it to be the 
sugar maple, hence his name “saccharinum." 

. A. riibrum, Linn. Red, soft, or swamp maple. Fig. 524. Tree usually 
of only medium size: flowers red, with narrow- 
oblong petals: leaves rather small, not deeply 
3-5-lobed, whitish beneath, the lobes serrate 
and toothed: fruit with nearly parallel or slightly 
spreading wings, not downy. Low grounds. 

bb. Flowers in clusters, with the leaves, some 

or all on shoots of the season. 525. Acer saccharum. 

A. s&ccharum, Marsh. {A. saccharinum of some). Sugar, hard, or rock 
maple. Figs. 14.3, 525. Flowers greenish, drooping, on long pedicels, the 
petals none and the calyx hairy at the top; leaves bright green, firm, cordate- 
orbicular in outline, 3-lobed and the side lobes again lobed, all lobes and 
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teeth eliding in points, the basal sinus broad and open: wings of fruit sonoe- 
what spreading. Commonest of maples East. 

A. nigrum, Michx. Black svgar maple. Fig. 526. Foliage dark and limp, 
the lobes broad and shallow, little toothed aad with only blunt points, the 
basal sinus nearly or quite closed: wings of fruit nearly parallel, large. 
Eastern Central States; by some regarded as a fv>rm of A . mccharum. 

A. plantanoides, Linn. Norway maple. Figs. 79, 80, 157, 323-33C. Flowers 
late, in umbel-like clusters, yellowish green, large, with both sepals and 
petals: leaves large and heav:«^ 3-5-lobed and much toothed, all parts ending 
in points; fruit with wide-spi oading wings. Europe.. Commonly planted; 
has milky juice. 

A. Pseildo-pl&tanus, Linn. Sycamore maple. Tree from Europe, and 
many varieties cultivated: leaves broad, 3-7-lobed, glabrous above, whitish 
and downy below; lobes .teute, unequally toothed: racemes terminal, droop- 
ing; flowers yellowish-green; ovaiics woolly: ird-t downy, the wmgs rathei 
spreading. 

bbb. Flowers appearing after the leav*:s, in racemes: large bushes or 
bushlike small trees in cool woods and ravines. 

A. pennsylvanicum, Linn. Striped maple. Moose-wood. Bark smooth- 
ish, light green, striped: flowens greenish, in ter- 
minal drooping loose racemes: leaves simple, 
thin, 3-lobcd near apex, the lobes acuminate, 
with finely toothed margin all around: fiuit 
greenish, smooth, with large, widely diverging 
wdngs. Small tree. 

A. spiedtum, Lam. Mountain maple. Shrub, 

5-10 ft., usually forming clumps: bark green, 
not striped: flowers appearing after leaves, in dense racemes, upright, 
compound, small, greenish: leaves slightly 3-5-lobed, coarsely serrate: fruit 
with narrow, somewhat divergent wings. 

aa. Box-elder: leaves pinnate. 

A. Negdndo, Linn. (Negundo accroidcs, Mocnch). Box-elder. Tree with 
green glaucous twigs and leaf-bases covering the buds: flowers in long 
racemes, dioecious, with 4-5-clcft calyx and no corolla, and 4-5 stamens, the 
sterile flowers on long, slender pedicels: leaves pinnate, with 3-5 ovate- 
pointed toothed leaflets: fruit with somewhat incurving wings. Common; 
much planted in cold and dry regions west. 

3. jBSCULTTS. Horse-chestnut. Buckeye. 

Trees: leaves opposite, on long petioles, palmately compound, 6-7-folio- 
late: flowers irregular, in a terminal panicle, some often imperfect, most of 
them with some imperfect pistils and stamens; calyx 5-toothed; corolla 
irregular, with 4 or 5 clawed petals; stamens 5-8, usually 7: fruit a leathery 
capsule, smooth or spiny, 2-3-valved, each valve containing, usually, 1 seed 
only; seed large, with shiny brown coat and a large, round, pale scar; not 
edible. 



526. Acer nigrum. 
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M, Hippoc&stanum, Linn. Common horse-chestnut. Fig. 277. Buds 
noticeably large and resinous: leaf-scars large, horseshoe-shaped: leaves 
large, palmately compound, usually with 7 leaflets; leaflets obovate, abruptly 
pointed at tip: corolla of 6 petals, white, spotted with purple and yellow; 
stamens long, exserted: fruit prickly. Blooms June to July. 

M. rubiciinda, Loisci. Red horse-chestnut. Small, round-headed tree, 
cultivated: leaflets 5-7: petals 4, broad, on slender claws, rose-red; stamens 
usually 8. 

M. gldbra, Willd. Ohio buckeye. Tall tree, native in woods and along 
river banks, west of Alleghanies: bark rough and ill-scented when peeled or 
bruised: leaflets 5, oval or oblong, acuminate: flowers small, in short panicle; 
petals 4, narrow, on claws, nearly equal, erect, pale yellow; stamens longer 
than petals: fruit prickly at first. April, May. 

M, oct&ndra. Marsh. Sweet buckeye. Large tree, rarely shrubby: bark 
dark brown, scaly: leaflets usually 5, sometimes 7: flowers yellow; calyx 
oblong; petals 4, very unequal, long-clawed, connivent, longer than sta- 
mens: fruit glabrous. Rich woods West and South. April and May. 

JE, Pdvia, Linn. Red buckeye. Shrub or small tree, 3-10 ft., found in 
fertile soil West and South: flowers red; calyx tubular; petals 4, unequal, 
longer than the stamens: fruit nearly smooth. 

4. STAPHYL£A. Bladder-nut. 

Upright shrubs with opposite leaves, pinnately compound, with 3-7 leaf- 
lets, stipulate: flowers small, white, in drooping clusters; sepals, petals and 
stamens 5; styles 2-3: capsule a large bladdery pod, 2-3-lobed, 2-3-celled, 
each cell several-seeded. 

S. trifdlia, Linn. Shrub 6-10 ft., in thickets, in moist soil: leaflets 3, ' 
ovate, acuminate, serrate, stipules deciduous: flowers bell-like, white, in 
clusters at ends of branchlets. 

XXVII. POLYGALACE.®. Milkwort Family. 

Herbs or shrubs, with leaves mostly simple, entire, without stipules, 
and flowers irregular and perfect. Represented by the genus 

POL'tGALA. Milkwort. 

Mostly herbs, with bitter juice: flowers very irregular, some often cleisto- 
gamous; sepals 5, unequal, 2 of them winged and colored (petal-like); petals 
3, usually united into a tube, the middle petal hooded or crested, or other- 
wise appendaged; stamens 6 or 8, the filaments usually monadelphous, but 
the sheath split, more or less connate, within or hidden in the middle petal; 
ovary 2-celled. The irregularity of the flowers makes some of the species 
conspicuous, but others have very minute flowers, difficult to examine. 

P. paucifdlia, Willd. Fringed polygala. Flowering wintergreen. The 
most striking of the common milkworts, the flower being large (about 1 in. 
long) and showy, rose-purple, with a fine, fringed crest on the central corolla 



PEA FaMILT 


379 


lobe: plant low, 3-4 in. high, b»*anchmg, fron.. a creeping rootstock, with 
oval petiolate leaves clustered near the tips of the seems, the lower leases 
scale-like; there are small, whitish and fertile (eleistogamoas) flowers on the 
rootstock. In moist, rich woodland. East and Nortii. 

P. Senega, Linn. Senecxi snakeroot. Flowers small in terminal, slender, 
spike-like racemes: stem erect, b 15 in., simple and leafy: leaves lanceolate, 
alternate: flowers white or greenish, on v'^ry short pedicels; corolla with 
small crest. Perennial. 

XXVIII. LEGUMINbSiP. Pul&e, or Pea Family. 

Herbs, shrubs, or trecs^ mostly with pinnately compound alter- 
nate leaves: flow'er papilionaceous in the species described below: 
fruit typi(;ally a legume. A vast family vsnd widely dispersed, with 
many tropical species. Gcnerfi about 400, and species about 6,500. 
By some authors, the species with papilionaceous flowers are separated 
into the family Papilionacesc, and those of the acacia tribes, with 
regular flowers, as the Mimosace®. Familiar leguminous plants aie 
pea, bean, lupine, clover, alfalfa, vetch, wistaria, locust, red-bud. 

A. Shrubs, twining 1. Wisteria 

A A. Trees, or erect shrubs. 

B. Leaves once or twice pinnately compound: flowers 
in racemes: often large trees, 
c. Flowers truly papilionaceous, rather large and 
showy, usually fragrant: leaves with sharp 


spines or prickles often in place of stipules 2. Robinia 

cc. Flowers small, greenish and inconspicuous, not 
truly papilionaceous: tretj usually armed with 

large pronged thorns 3. Oleditsia 

BB. Leaves simple, entire: corolla not truly papilionaceous; 

fls. in umbel-like clusters, before the leaves 4. Cerda 

AAA. Herbs. 

B. Plant climbing by tendrils. 

c. Calyx leafy-lobed 5. Pisum 

cc. Calyx not leafy-lobed. 

D. Style flattened, bearded down 1 side 6. Lathyrus 

JDD. Style slender, with a tuft of hairs at apex only, 

or about the upper part 7. Vida 

BB. Plant not tendril-bearing: leaves compound. 


D. The leaves 3-foliolate (sometimes simple in No. 9). 

E. Leaves digitately compound. 

F. Stamens diadelphous (9 and 10), and the 


flowers in heads, or spikes 8. Trifolium 

pp. Stamens 10, distinct: flowers in racemes. ... 9. Baptism 
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EE. Leaves pinnately compound (terminal 1- 
stalked, and the stalk jointed), 3 leaflets. 

F. Flowers small, in a long raceme. 

G. Pod straight, exceeding calyx: flowers 

small, in very slender racemes 10. MelUotua 

GO, Pods curved or coiled: flowers, small to 

medium, in heads or short spikes 11. Medicago 

PF. Flowers medium to large, clustered at the 
ends of the raceme. 

G. Keel of the corolla coiled into a spiral 12. Phnaeolua 

GG. Keel curved but not coiled 13. Vigna 

DD. The leav(5s more than 3-foliolate, or digitately 
compound. 

B. Digitately compound, 5-7 leaflets 14. Lupinua 

BE. Pinnately compound. 

F. Even-pinnately compound: many leaflets: 

flowers yellow 15. Cdaaia, 

FF. Odd-pinnate (sometimes 3 leaflets) of 5-7 

leaflets: flowers purplish or lavender 16. Apioa 


1. wist£ria. 

Tall shrubby twiner, producing long, dense racemes of showy flowers: 
leaves pinnate, with several or many leaflets: 2 upper calyx-teeth shorter: 
standard large and roundish: pod knotty, several-seeded. 

W. chin^nsis, DC. Wistaria. Popular climber for porches, from China, 
with large drooping racemes of bright blue (sometimes white) pea-like 
flowers in spring and summer. 

2. ROBlniA. Locust. 

Trees or large shrubs with compound, odd-pinnate leaves, with stipules 
or stipular spines, the base of the leaf-stalk covering the next year’s bud: 
flowers showy, pea-like, hanging in axillary racemes; calyx 5-cleft; standard 
of the corolla large, turned back, inclosing side petals in bud. 

R. Psefldo-Acdcia, Linn. Common black locust. Tree, native West and 
South, everywhere introduced and valuable for timber. Bark nearly black, 
very rough: stiff spines at base of each leaf: leaflets 9-19, ovate or oval, 
somewhat mucronato at tip, on short stalks: racemes 3-5 in. long, from 
axils, pendulous, slender and loose, the flowers white, very fragrant: pod 
smooth, 4-7-seeded. 

R. visedsa, Vent. Small tree, native to southern states: cultivated: leaf- 
stalks, branchlets and pods glandular- viscid (clammy): prickles short: 
flowers roseate, in dense, erect racemes. April to June. 

R. hfspida, Linn. Rose acacia. A straggling shrub, to 10 ft.: branches, 
stalks, and pods bristly with flexible red spines: flowers pink, handsome, in 
loose pendulous racemes. Native of southern mountains. Cultivated. May 
to June. 
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3. GLEEfTSIA. Honey Locust. 

Trees, thorny with stout branching spines on branches and usually on 
trunk: leaves abruptly pinnate frequently bi-pinnate, and all gradati<»n 3 
often on same leaf: flowers in axillary, spicate racemes, greenish, inconspicuo 
ous, some imperfect, not papilhuiae&ous; caljx-'^ube short, 8-5 cleft; petals 
3-5, nearly equal, inserted on calyri tubo; stamens 3-l0, distinct, inserted on 
petals: fruit a large, leathery, flat pod, elongated, containing 1 to many 
seeds. 

G. triaclinthos, Linn. Lajge tree with hard and heavy wood: pods 6-18 
in. long, an inch or so wide., twisted or hoop-like, filled with sweetish pulp 
between the several to many Rn,ooth, shiny seeds. 

4. C£RC1S. Redbud. 

Small trees with simple, rounded, heart-shaped leaves and tiny stipuh^ 
soon falling: flowers roaeate-puriiie, in numerous small clusters along 
branches, even on trunk, before leaves, thus giving the tree a striking 
appearance; calyx 5-toothed, campanulfvto; corolla irrcgulai, not papil- 
ionaceous; petals 5 and standard inclosed by wings; stamens 10, distinct; 
legume oblong, flat, many-seedea, margined on one edge. 

C. canadensis, Linn. Redbud. Judas tree. Native small tree of middle 
and southern states, 10-30 ft. high, irregularly branching: bark smooth and 
dark. Cultivated as ornamental tree, April, May. 

5. PiSUM. Pea, 

Slender herbs, climbing by tendrils which are homologous with leaflets: 
leaves pinnate, with 1-3 pairs of foliar leaflets, and very large, leafy stipules: 
lobes of calyx leafy; flowers large, white, or pink, on axillary peduncles: pod 
a typical legume, several-seeded. 

P. sativum, Linn. Garden 'pea. Figs. 206, 310. Smooth and glaucous: leaf- 
lets usually 2 pairs, broad-oval: peduncles 2- or more-flowered. Old World. 

6. lAthyrus. Veitchlinq. 

Much like Pisum, differing chiefly in very technical characters, but best 
told in general by the narrow leaflets and pods, and not leafy calyx. 

L. odoritus, Linn. Sweet pea. Figs. 177, 245. Annual, the stem hairy: 
leaflets one pair, narrow-oval or oblong: flowers 2 or 3 on a long peduncle, 
very fragrant, in many colors. Southern Europe. 

L, latifdlius, Linn. Everlasting pea. Fig. 272. Perennial of long dura- 
tion, smooth, the stems winged: leaflets one pair, long-oval: flowers many 
in a dense cluster on long peduncles, rose-purple and white. Europe. 

7. ViCIA. Vetch. Tare. 

Herbs, mostly trailing or climbing by tendrils from the ends of pin- 
nately compound leaves: leaflets usually many, entire or emarginate: 
stipules half-sagittate: flowers in axillary racemes or pairs; calyx somewhat 
oblique, 5-toothed; wings adhering to keel; style slender, bent, hairy or with 
hairy ring beneath stigma: pods flat, 2 valved, 2- to several-seeded. 
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y. americ&na» Muhl. Perennial, smooth: leaflets 10-14, oblong, blunt: 
peduncles 4-8-flowered : flowers purplish-blue, H in. long. Moist soil. 

V. Cr&cca, Linn. Perennial, more or less pubescent, with weak stems: 
leaflets 12-24, oblong to linear, mucronate: racemes many-flowered, 1-sided, 
spike-like, on axillary peduncles; flowers blue to purple, in. long. 

Dryish soil. 

V. satlva, Linn. Spring vetch. Annual, rather pubescent, not climbing: 
leaflets, 5-7 pairs, oblong or obovate, to linear, obtuse or retuse or mucro- 
nate: flowers in pairs, from axils, nearly sessile, violet-purple,^-! in. long: 
pod smooth, linear, 5-10-secded. Cultivated or wild; from Europe. 

V. Tilldsa, Roth. Hairy or winter vetch. Diffuse, very hairy: flowers 
showy in long axillary racemes, deep purple: seeds small and black. Culti- 
vated and escaped. Europe. Annual and biennial, perhaps sometimes 
perennial. 


8. TRIFdUUM. Clover. 

Annual or perennial herbs with digitate leaves of 3 leaflets (all 3 leaflets 
joined directly to top of petiole): flowers small, with bristle-form calyx- 
teeth, in dense heads: fruit a 1- to few-seeded little pod which does not 
exceed the calyx. 

a. Flowers sessile in the dense heads. 

T. prat^nse, Linn. Common red clover Figs. 85, 173. Erect, 
1-2 ft., with oval or obovate leaflets, which have a pale spot 
or band near the center and usually a notch at the end: flowers 
rose-red, honey-sweet, the heads closely surrounded by leaves. 
Europe, but common everywhere in the North. 

T. medium, Linn. Medium red clover. Larger, the stem less 
straight, the leaflets oblong, entire and with a spot: head stalked 
above the uppermost leaves. Otherwise like the last. 

T. arv6nse, Linn. Rabbit-foot clover. Annual; 5-10 in., 
erect: flowers sessile in dense, cylindrical heads, which become 
very soft and grayish fur-like, from the silky plumose calyx- 
teeth; corolla insignificant, whitish. Dry, sandy soils; intro- 
duced from Europe. 



aa. Flowers short-stalked in the heads. 

T. h^bridum, Linn. Alsike clover. Slender, from a prostrate base, 1-3 
ft.: leaflets obcordate: head small and globular, light rose-colored. Europe. 

T. ripens, Linn. White clover. Small, the stems long-creeping and 
sending up flowering stems 3-12 in. high: leaflets obcordate: heads small, 
white. Common; native, also European. 

T. incarnitum, Linn. Crimson clover. Fig. 527. Stout, hairy, erect 
plant, l-2>^ ft., with obovate-ohlong leaflets and brilliant crimson flowers 
in a long-stalked head. Europe; now frequently cultivated. 

T. refl6xum, Linn. Buffalo clover. Annual or biennial, pubescent, ascend- 
ing 8-18 in.: standard purple, keel and wings whitish: leaflets oval or obovate, 
finely toothed. Most common in central states, from western New York. 



LEGUM1NOS-® 


383 


T. procfimbeiis, Linn. Low hop clover. Annual, slender, procumbent 
or upright to 6 or 12 in.: floweis yellow, turning brown and dry when old, 
finally reflexing; standard striate; heads small, rounded, 20-40-floweie«:>: 
leaflets wedge-shaped and notched at end, t<rniinal one stalked, stipules 
ovate. June. Dry soil, introduced. 

T. agrdrium, Linn. Hop cluvr'-. Larger: leaflets ovate- 
oblong, the terminal one not stalked, and stb^ules narrow 
and joined for half their length to the petiole. Iiitro<iuced. 

9. BAPTlSIA. False Indigo. 

Perennial herbs: leave.s f)almatelv 3-foiiolate, with 
stipules (or, simplti, sessile, cxstipulate, perfoliate leaves;: 
flowers racemed; calyx 4-5-tooi.hed; standard e^'cet, 
rounded, the sides rolling back; keel and wings oblong, 
nearly straight; stamens 10. distinct: pod stalked in a 
persistent calyx, pointed, inflated, many-sc'eded. Plants 
usually blackened in drying. 

B. tinetdria, R. Br. Btishy, erect to 2 Tt., somewhat 
glacuous: leaves sessile or nearly so, with tiny d(‘ciduou8 
stipules; leaflets small, entire, wedged-ovate : racemes 
many, terminal, loosely fow-flow'cred; flowers yellow, about 
]4, in, long, papilionaceous. Dry soil in woods. 

10. M£LIL6TUS. Sweet (Clover. 

Tall, erect annuals or biennials, with sweet-scented 
herbage and small white or yellow flowers in numerous 
open racemes: Itjaflcts, 3, oblong: pod ovoid, somewhat exceeding the calyx, 
1-2-seeded. 

M. filba, Desr! White sweet clover. Bokhara clover. Fig. 184. Two 
to 5 ft. tall, smooth: leaflets truncate: flowers white, the standard longer than 
other petals. Europe; common on roadsides. 

M. offleinilis, Lam. Yellow sweet clover. Fig. 628. 
Leaflets obtuse: flowers yellow. Less common than the 
other. 

11. MEDIC Ago. Medick. 

Clover-like plants with small flowers in heads or 
short spikes and toothed leaflets: particularly distin- 
guished by the curved or coiled pod. 

M. satlva, Linn. Alfalfa. Lucerne. Figs. 21, 246, 
629. Medicago sativa. 529. Erect perennial, with ovate-oblong leaflets and 
short spikes or dense racemes of hiuc-purple flowers. 
Europe. Grown extensively for forage, being made into hay and also 
ground into ‘‘alfalfa meal.” 

M. lupulina, Linn. Black medick. Trailing clover-like plant, with obovate 
leaflets and yellow flowers in heads or very short spikes: pod black when 
ripe. Europe; common weed East. 





384 


THE KINDS OF PLANTS 


12. PHAS^OLUS. Bean. 

Tender herbs, often twining, the flowers never yellow, and the pinnate 
leaves of 3 leaflets: flowers usually in clusters on the joints of the raceme or 
at the end of the peduncle, the keel (inclosing the essential organs) coiling 
into a spiral: fruit a. true legume. 

P. vulg&ris, Linn. Common bean. Figs, 1, 308, 309, 
311, 312, 322, 530. Annual: twining (the twining habit 
bred out in the “bush beans’’): leaflets ovate, the lateral 
ones unequal-sided : flowers white or purplish, the racemes 
shorter than the leaves: pods narrow and nearly 
straight. Probably from tropical America. 

P. lundtus, Linn. Lima bean. Fig. 531. Annual: tail- 
twining (also dwarf forms): leaflets large: flowers whit- 
ish, in racemes shorter than the leaves: pods flat and 
curved, with a few large flat seeds. South America. 

P. multifldrus, Willd. Scarlet runner bean. Perennial 
in warm countries from a tuberous root, tail-twining: 
leaflets ovate; flowers bright scarlet (white in the “White Dutch Runner 
bean”) and showy, the racemes exceeding the leaves: pod long and broad 
but not flat. Tropical America; cultivated for ornament and for food. 

13. VIGNA. Cowpea. 

Differs from Phaseolus chiefly in technical characters, one 
of which is the curv(?d rather than coiled keel of the flower. 

V. sinensis, Endl. Courpea. Black pea. Stock pea. 

Figs. 273, 532. Long-trailing or twining, tender annual; leaf- 
lets narrow-ovate; flowers white or pale, 2 or 3 on the apex of phaseolus 
a very long peduncle, the standard rounded; pod slender lunatus 
and long, cylindrical: seed (really a bean rather than pea) 
small, short-oblong. China, Japan; much grown South for forage, and 
used also as cover-crop. 

14. LTJPlHUS. Lupine. 

Low herbs: leaves palmately compound, 5-16 foliolate, rarely simple: 

flowers showy, in terminal spikes or racemes: calyx 
decidedly 2-lipped: standard round, sides rolled back- 
ward: keel incurved, sickle-like: wings lightly united 
above keel: stamens monadclphous, with 3 alternate 
anthers, different in siae and shape from others: pod 
oblong, flattened, often knotty. 

L. per6nnis, Linn. Perennial, somewhat downy: 
stem erect to 1 or 1>^ ft.: leaflets 7-11, large, radiat- 
ing, nearly sessile, oblanceolate, mucronate; stipules 
small: flowers blue or whitish, in loose racemes: pod 
linear-oblong, hairy, 5-6-seeded. Sandy soil. May to 
June. 





530. 

Phaseolus vulgaris. 



LEGUMINOSJE — ROSACEJK 


385 


15. CASSIA. Senna. Fig. 247. 

Our herbs with odd-pinnate, compound leaves and yellow flowers: sepals 
5, nearly equal; corolla not papilionaceous, nearly regular; petals 5; stamcnb 
5->10, some anthers usually imperfect: pod often curved, many-seeded. 

C. maril&ndica» Linn. Smooth perennial, 3-4 ft. : leaflets fl-9 pairs, lance- 
olate-oblong, mucronate, with a gland at or near basii of petiole: stipules 
deciduous: stamens 10, 3 imperfect, with deformed anthers, the anthers 
black; flowers showy yellow, short, axillary racemes Summer. 

16. APIOS. Groundnu'*’. 

Perennial, twining herb, with edible underground tubers: leaves pin- 
nately 3 -7-foliate. flowers in short, dense, often branching axillary racemes: 
calyx rather 2-lipi>ed: standard broad and reflexed: keel strongly incurved, 
pushing into the standard, and fin illy coiled or twisted. 

A. tuberdsa, Moeneh. Flowers brownish purple, sweet-scented, in dense 
racemes about 1-3 in. long: no tendrils: juice milky. Summer. In low, 
moist ground and shady woods. 


XXIX. ROSACE^. Rose Family. 

Herbs, shrubs and trees, much like the Saxifragaceae : leaves 
alternate, mostly with stipules (which arc often deciduous): flowers 
mostly perfect and polypetalous, the stamens usually perigynous, 
mostly numerous (more than 20) ; pistils 1 to many : fruit an achene, 
follicle, berry, drupe, or accessory. A very mixed or polymorphous 
family, largely of temi)erafce regions, of about 75 genera and 1,200 
species. By some writers, dividtul into three or four families. Common 
rosaceous plants are rose, strawberry, apple, pear, plum, peach, cherry, 
blackberry, raspberry, spirea, cinquefoil. 


A. Herbs. 

B. Torus not enlarging. 

c. Carpels many, in a head. 

D. Style deciduous 1* PotentUla 

DD. Style persistent on achene, usually jointed and 

plumose 2. Geum 

cc. Carpels 2: calyx prickly and lobes closing over 

the fruit: 1 or 2 achenes 3. Agrimonia 

BB. Torus becoming fleshy; flowers directly from the 

crown or root 4. Fragaria 

AA. Shrubs or trees. 

B. The ovary 1, superior: fruit a drupe 6, Prunu8 

BB. The ovaries more than 1. 

c. Fruit 1-seeded drupes aggregated, or achenes. 


Y 
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D. Ovaries many, free from calyx and torus, be- 
coming drupelets 6. Ruhus 

DD. Ovaries 5-8: shrubs not prickly: leaves simple: 

flowers yellow: fruit achenes 7. Kerna 

cc. Fruit achenes inside a hollow torus 8. Rosa 

ccc. Fruit a pome: ovaries usually 5, immersed in the 
torus. 

D. Petals oblong-spatulate: carpels 3-5-celled, but 

appearing about 10-celled 9. Amelanchier 

DD. Petals rounded : ovaries 5. 

E. Pome with 2-seeded carpels 10. Pyrua 

' EE. Pome with many-seeded carpels 11. Cydonia 

EEE. Pome with 1-5 stony kernels 12. Crataegus 

cccc. ^uit 2-8 dry follicles, each several -seeded 13. Spiraea 


1. POTENTILLA. Five-finger. Cinquefoil. 

Herbs (sometimes shrubby) with flat deeply 5-cleft calyx and 5 bracts 
beneath it, and 5 obtuse, mostly yellow or white petals; stamens many: fruit 
an achene, of which there are many in a little head on the small, dry torus: 
leaves compound. 

P. norv^gica, Linn. An erect (1-2 ft. tall) very hairy and coarse annual, 
with 3 obovate, or oblong serrate leaflets and small flowers in which the yel- 
low corolla is usually not so large as the calyx. Common weed. 

P. canadensis, Linn. Common five-finger. Trailing, strawberry-like 
with 5 narrow leaflets, but the lateral ones deeply lobed: flowers solitary, 
on axillary peduncles, bright yellow. Fields; common. 

P. arg6ntea, Linn. Perennial, with stem prostrate, branching above, 
white-woolly: leaflets 5, wedge-oblong, green above, white-pubescent beneath, 
with a few large, incised teeth, and margins revolute: flowers small, cymose, 
yellow; stamens about 20. June to September, in dry soil, 

P. fruticdsa, Linn. Stem erect (1-2 ft.), shrubby, diffusely branched : 
leaves pinnate, with 5-7 sessile leaflets, margins entire, revolute: flowers 
axillary; petals yellow, orbicular, and longer than calyx, 1 in. broad. 
Marshy and wet ground. June to September. 

2. GEUM. Avens. 

Perennial, erect herbs, with odd-pinnate or lyrate leaves, with stipules: 
flowers resembling those of Potentilla; calyx 6-cleft with 6 alternate 
bracts; stamens, many: achenes numerous, aggregated on a conical recep- 
tacle, with long persistent styles jointed, or bent, or plumose. 

G. rivAle, Linn. Stems erect, 1-2 ft., several-flowered: root-leaves 
lyrate, and irregularly pinnate, petioled: stem-leaves few, usually of 3 
leaflets, or 3-lobed: flowers few, large, nodding, the calyx purplish, the 
petals clawed, erect, yellowish purple; styles purplish, jointed and bent in 
middle, stigmas plumose: fruit stalked in the calyx. May to July. Bogs. 

G. canad^nse, Jacq. From 2-3 ft., with stem erect, branching, smooth 
or downy: root-leaves of 3-5 leaflets, or simple with smaller leaflets at base: 
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stem-leaves few, simple, lobed, or 3-dividcJ oi toothed and shofi^-petioled: 
flowers whitish, the oetals not longer than sepals: head of fruits sessile in 
the calyx: styles jointed and bent near midfUe, the lower part hooked: torua 
bristly. Late spring and summer. 

G. virginiftnum, Linn. Difiers from piectding in being hirsute: root- 
leaves various, but pinnate, with a very largo 
rounded terminal leaflet; the upper leaves mostly 
3-parted: flowers white or pale yellow: receptacle 
not bristly; heads of fjuits on sIioH, stout, hairy 
stalks. Low ground, t^ummer. 



533. Fragaxia vesoa. 


3. AGRIMdNlA. Agrl^ony. 

Perennial, erect herbs, v/ith alternate odd-pin- 
na tely f compound leavas, and slender, snike-like 
ra('eines, with yellow flowers, leaves with small seg- 
ments interposed, and large dentate stipules: r;i)yx- 
tube contracted at the throat with a 5-cleft limb, and bristly on upper 
part; petals 5; stamens slender, 5~15, carpels 2, styles terminal: fruit dry, 
included in the prickly calyx-tube. 

A. gryposipala, Wallr. Spicatc raceme terminating the stem (6 in. to 2 ft. 
high) , petals yellow and twice longer than the calyx. Dryish soils. Summer. 


4. FRAGARIA. Strawberry. 

Low perennials with 3 broad-toothed leaflets and a few flowers on radical 
peduncles: torus enlarging in fniit, usually becoming fleshy. 

F. v4sca, Linn. Fig. 533. Small, very sparsely hairy, the leaves thin 
and rather light green, very sharply toothed: flower-clusters overtopping 
the foliage, small and erect, forking: fruit slender and pointed, light colored 
(sometimes white), the achenes not sunk in the flesh. Cool woods; common 
North. 

F. virginiina, Duch. Cmnmon field etrawberry. 
Fig. 534. Stronger, darker green, loose-hairy, the 
leaves with more sunken veins and larger and firmer: 
flower-cluster slender but not overtopping the leaves, 
in fruit with drooping pedicels: fruit globular or 
broad-conical, with achenes sunk in the flesh, light 
colored. Very common. 

F. chilo€nsis, Duch. Garden atrawbe^. Fig. 
291. Low and spreading but stout, the thick leaves 
somewhat glossy above and bluish white beneath, 
rather blunt-toothed: flower-clusters short, forking, 
the pedicels strong and long: fruit large and firm, dark colored, with 
sunken achenes. Chile. 



5. PRtt'NUS. Peach. Plum. Cherry. 

Trees and shrubs, mostly flowering in early spring: sepals, petals and 
stamens borne on the rim of a saucer-shaped torus, the calyx with 6 green 
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spreading lobes and the petals 5 and obovate; pistil 1, sitting in the bottom 
of the flower, the ovary ripening into a drupe: leaves alternate. 


a. Peach and apricot: flowers solitary from lateral winter-buds, usually 
appearing before the leaves, 

P. PIrsica, Stokes. Peach. Fig. 535. Small tree, with oblong-lanceolate 
pointed serrate leaves and solitary fuzzy fruits on 
last year’s wood. China. The nectarine is a 
smooth-fruited form. 

P. armeniaca, Linn. Apricot. Figs. 69, 536. 
Leaves ovate to round-ovate, serrate: fruits solitary, 
on last year’s shoots or on spurs, smooth or nearly 
535i Prunus persioa. bo. China. 



aa. PlunMt flowers in umhel-like clusters: fruit large and smooth, usually 
with a distinct suture {or ‘^crease”) on one side and covered wUh a 
*^bloom,'^ the stalk short. 

P. dom^stica, Linn. Common plum. Figs. 209, 289. Small tree, usually 
with young shoots downy: leaves thick and relatively 
large, dull dark green, ovate, oval or obovate, very rugose 
or veiny, somewhat pubescent beneath, coarsely and un- 
evenly serrate: flowers large: fruits various, usually thick- 
meated and with heavy “bloom.” Europe, Asia. 

P. americdna, Marsh. Wild plum of the North. Fig. 

637. Twiggy small tree, often thorny, the young shoots 
usually not downy: leaves obovate, dull green, abruptly 
pointed, coarsely toothed or jagged, not pubescent be- 
neath: fruit small, red or yellow, tough-skinned and glau- 
cous, the pit large and flattened. Common in thickets; improved forms are 
in cultivation. Including P. nigra, perhaps distinct. 

P. angustifdlia, Marsh. Chickasaw plum. Mountain cherry. Fig. 538. 
Smaller, the young growth smooth and zigzag and usually reddish: leaves 
lanceolate to oblong-lanceolate, often trough-shaped, shining, finely serrate, 
cherry-like: fruit a small thin-fleshed shining plum on a long pedicel. 

Delaware, south; also in cultivation. 

aaa. Cherries: flowers in umbd-like dusters: fruit 
small and nearly globular, early-ripening, 
usually without a prominent suture and 
**bloom,^^ the stalk slender. 

P. C^rasus, Linn. Sour cherry. Round-headed 
tree, with flowers in small clusters from lateral buds^: 
leaves hard and stiflish, short-ovate or obovate, 
grayish green, serrate: fruit small, sour. Europe. 

P. Avium, Linn. Sweet cherry. Fig. 539. Straight 
grower, the “leader” prominent in young trees, with 
687. Prunus amerioana. flowers in dense clusters from lateral spurs: leaves 
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oblong-ovato, dull and soft, on the young gro\^th hanging: truit usually 
rather large, sweet. Europe. 

aaaio Wild cherrieSt with small, scarcely edible fruUs: 
flowers umbellate or racemed, 

P. pennsylv&nica, Linn. Wild red rherry. Pin or bird cherry, 
tree, 20-30 ft. high, with red-brown, 
pcelinp: bark: flowers small, wni^e, on 
long pedicels in umbel -like clusters, 
from lateral scaly buds, in early spring, 
before or with the lea^es: fruit very 
small, globose, red, smooth, with thin, 
sour flesh. 

P. virginiina, Idnn. ChoKc cherry. 

Small tree or shrub, 5-20 ft., with 
grayish spotted bark: leaves thin, oval 
or obovate, abruptly acute at tip, 
sharp-serrate: flowers white, in short 
racemes, terminating leafy branches, appearing after leaves in late spring: 
fruit small, globose, red changing to dark crimson (nearly black), very 
astringent: usually found along banks and in thickets. 

P. ser6tma, Ehrh. Wild black cherry. Tree, 50-80 ft., with black, rough 
bark and reddish brow'ii branches: leaves thickish, oblong or oblong-lanceo- 
late, acute or tapering at tij), serrati; with incurving or bluntish teeth: flow- 
ers later than preceding, white, in elongated, drooping or spreading, termi- 
nal racemes: fruit detip purple or black in. in diameter) with a sweetish, 
bitter taste. 
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6. RtlBUS. Bkamble. 

Shrubs, usually thorny, the canes or shoots dying after fruiting, with 
alternate digits tely compound leaves: flowers white, in clusters, with 
5-parted calyx and 5 petals: ovaries many, ripening' into cohtTcnt drupelets. 

a. Raspberries: drupelets or berry separating from the torus. 

R. occidentMis, Linn. Black raspberry. Figs. 142, 
290. Canes long and thorny, glaucous, rooting at the 
tips late in the season: leaves of mostly 3 ovate 
doubly-toothed leaflets: flowers in close, umbel-like 
clusters: fruits firm, black (sometimes amber-color). 
Woods, and common in cultivation. 

R. aculeatfssimus, C. A. Meyer. Red raspberry. 
Canes erect and weak-prickly, more or less glaucous, 
not rooting at tips, leaflets oblong-ovate; flowers in racemes: fruits soft, 
red; Woods, and cultivated. 

R. odorltus, Linn. Flowering raspberry. Flowering mulberry.” Shrubby 
and erect, branching, 3-5 ft., not prickly, but rather bristly and sticky- 
hairy: leaves large, 3-5-lobed: flowers large, 1-2 in. broad, in terminal 
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corymbs, the petals orbicular and purplish rose (rarely whitish): fruit red, 
ripe in August, flattened, sweetish but scarcely edible.. Common in woods. 

aa. Blackherries: drupelets adhering to the torus {the torus forming 
the "'core*' of the berry), 

R. allegheni£nsis, Porter {R. viUdsus of some). Common hlackherry. 
Tall, very thorny: leaflets 3 or 5, ovate and pointed, toothed, hairy beneath: 
flowers large, in open racemes: fruit cylindrical and firm, black when 
ripe. Woods, and cultivated. 

R. viUdsus, Ait. {R. canadSnsis of some). Northern dewberry. Trail- 
ing and rooting at tips, prickly : leaflets 3-7, ovate-acuminate or oblong-ovate, 
toothed: flowers 1-3, on erect, short peduncles, large: fruit like a small and 
shining blackberry. Sterile fields, and in cultivation. 

R. triviHlis, Michx. Southern dewberry. Fig. 170. Long-trailing, very 
thorny and bristly: leaves 3-5, more or less evergreen, mostly lance-oblong 
and small, strong-toothed: flowers 1-3: fruit black. Sands, Virginia, south; 
also in cultivation. 

7. k£rria. Globe Flower. “Japan Rose.” 

Shrubby plants with calyx of 5 acuminate, nearly distinct sepals; petals 
6 (or flowers double); ovaries 6-8, smooth, globose: leaves simple, ovate, 
acuminate, doubly serrate, with stipules: flowers terminal on branches, soli- 
tary or a few together. 

K. jap6nica, DC. Bush 3-8 ft. with green winter twigs: flowers orange- 
yellow, usually double: leaves sometimes variegated. Late May and June. 
Cultivated. 

8. RdSA. Rose. 

More or less thorny erect or climbing shrubs with pinnate wing-petioled 
leaves, and flowers with 5 calyx-lobes and 5 large, rounded petals: pistils 
many, becoming more pr less hairy achenes which are inclosed in a hollow 
torus (fruit becoming a hip, Fig. 292). Most of the garden roses are too 
dilficult for the beginner: they are much modified by the plant-breeder. 

R. Carolina, Linn. Swamp rose. Tail, often as high as a man, the few 
spines usually somewhat hooked: stipules (petiole wings) long and narrow: 
leaflets 5-9, narrow-oblong and acute, finely serrate: flowers rather large, 
rose-color. Swamps. 

R. virginiina. Mill. Usually low, with stout hooked spines: stipules 
rather broad; leaflets about 7, smooth and mos^tly shining above: flowers 
large, rose-color. Moist places. 

R. hilmilis, Marsh. Three feet or less tall, with straight, slender spines: 
stipules narrow; foliage usually less shining. Dry soils. 

R. rubigindsa, Linn. Sweet briar. Eglantine. Erect, 4-8 ft., curving, 
armed with stout recurved prickles, with weaker ones intermixed: leaflets 
6-9, ovate or oval, coarsely and doubly serrate and resinous or glandular, 
pubescent beneath, very aromatic: flowers small, pink or white, solitary, 
single or double. Naturalized from Europe and in cultivation. 



IiOSAC£i«^ 


391 


9. amelAhchier. SfHVICuJ BURRr. JoNE Bf.RRY. 

Small trees or shrubs, with smooth, grayish bark: leaves simple, peti- 
oled, serrate: flowers white, in racem-.^S; or rareJy solitarj^; calyx-tube 6- 
cleft; petals 5; 3tr-meiis nieny, short, insert ea on calyx-trroat; ovary 
inferior, apparently lO-celUid, v*ith 1 ovule in each cavity; styles 5, united 
below: fruit a berry-hke pome, 4-10-celled. 

A. canadensis. Medic. Shmibush. Small tree or bush 6- 50 ft. high, 
with snowy white flowery? in ver'r earlv spring before the foliage: leaves 
ovate to oblong, sharp] j, t*‘rrate, acute at apex, base cordate, soon smooth; 
Btii)uies long and silky-hairy r fruit red or purple pomes, on slender pedicels, 
sweet and edible. Woods, common. 

10. PtRUS. Pear. Apple. 

Small trees or shrubs wit! alternate lt}a\cs, and flowers in clusters in 
spring, flowers 5-merous: ovaries usually 5, immersed in the torus, the 
styles free. 

a. Leaven simple: pear aiid apple. 

P. communis, Linn. Pear Figs. 61, 62, 65, 66, 67, 118, 119 196, 293. 
Leaves ovate, firm and shining, smooth, closc-toolhcd: fruit tapering to the 
pedicel, Europe. 

P. Malus, Linn. Apple. Figs. 294-295. Leaves ovate, soft - hairy be- 
neath, serrate: fruit hollowed at the base when ripe. Europe. 

P. coron4ria, Linn. Wild crab. Bushy tree to about 20 ft., somewhat 
thorny: leaves ovate-triangular to heart-shaped, cut-serrate, or somewhat 
lobed, soon smoothiah: flowers large, strikingly fragrant, rose-colored, few 
in a corymb or cluster: pome flattened at the ends, long-stemmed, indented 
at the attachment to stalk, green, becoming yellowish, fragrant but sour. 
Open glades, from New York, west and south. 

P. ioensis, Bailey. Prairie crab. Pubescent- leaves oblong or ovate, 
notched or parted along the sides, the petioles short: pome globular or 
oblong, short-stemmed, with light dots. Mostly west of Great Lakes. 

aa. Leaves compound: mountain-ashes. {Sorbus.) 

P, americ&na, DC. American mounUiin-ash. Free or large shrub, native 
to mountain woods in the East, but sometimes cultivated: leaves odd-pin- 
nately compound, with 13-15 leaflets that are lanceolate, taper-pointed, ser- 
rate, bright-green above: flowers numerous, small, white, in compound, flat 
cymes; styles 3-5: berry-like pomes globose, bright red, or orange, about the 
size of peas. 

P. Aucup&xia, Ehrh. English motuniain-ash. Rowan. Leaves pubescent 
on both sides when young, the leaflets blunt: fruit larger than that of pre- 
ceding, about yi in. in diameter. 

11. CYDdNIA. Quince. 

Small trees or shrubs: flowers and leaves much as in Pyrus: ovary 6- 
celled, with many seeds in each: fruit a pome, usually hollowed at top end, 
globose, or pyriform. 
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C. yulg&ris, Pers. Quince. Six to 15 ft. high, with crooked branches; 
flower solitary, large, pale pink or roseate, on shoots of the season: leaves 
oblong-ovate, acute at apex, with obtuse base, entire. A small tree grown 
for its large yellow fruits. 

C. jap6mca, Pers. Japan quince. Shrub, 3-6 ft., cultivated for hedges 
and flowers: branches armed with short, straight spines: leaves glabrous 
and shining, acute at the end, serrulate, the stipules conspicuously reniform: 
flowers in axillary clusters, nearly sessile, crimson or scarlet. Fruit globose, 
fragrant. 

12. CRAT.^GUS. Hawthorn. Figs. 164-167. 

Large bushes or small trees, much branched, the wood tough and hard, 
usually very thorny: Aowits white or pink, in dense umbel-like clusters; 
petals 5, entire; stamens 5-10 to many: fruit a small red or ytUlow drupe 
containing large bony stones: leaves simple, mostly toothed or lobed. Many 
species wild in North America, and some cultivated; too difficult of determi- 
nation for the beginner. The wild hawthorns are amongst the most deco- 
rative plants in the American landscape. 

13. SPIR.^A. Spirea. Fig. 103. 

Hardy perennial herbs and many ornamental shrubs: leaves alternate: 
flowers white or roseate, usually small but many; calyx 5-cleft, short and 
open; petals 5; stamens many: fruit of about 5 follicles, not inflated. A 
large and very interesting group of flowering plants, mostly with white 
bloom. Following are small shrubs: 

S. salicifdlia, Linn. Meadow-Hweet. Glabrous or nearly so, erect to 3 
or 4 ft., stem often purpli.sh: leaves simple, oblong-ovate to lanceolate, 
serrate, with stipules deciduous: flowers in terminaJ erect panicles, white 
or pinkish-tinged, small, with pods (follicles) 5, smooth, many-seeded. 
Moist or swampy ground. Summer. 

S. tomentdsa, Linn. Hardhack. iKrect, 2-4 ft. high, with pubescent 
stems, rusty or hairy: leaves simple, oblong or ovate, serrate, woolly on 
lower surface, without stipules: flowers in terminal thyrse-like dense panicles, 
pink or purple (rarely white), the follicles 5, pubescent or woolly: pastures 
and low grounds. Late summer. 

S. trilobftta, Linn. Bridal wreath. Large bush with long recurving 
branches and bearing a profusion of showy flowers in flat-topped clusters: 
leaves round-ovate, crenately cut and 3-lobcd. S. Van Houttei is an 
improved form. The forms of this species-group are the most popular 
cultivated spireas. 

S. hypericifdlia, St. Peter's wreath. From 3—6 ft., leaves obovate- 
oblong or wedge-shaped, obscurely toothed or lobed: flowers white, in many 
small lateral sessile clusters, on short branches. Cultivated. 

S. Thiinb4rgii, Sieb. Compact bush with very narrow leaves, sharply 
serrate and very light green: flowers umbellate, small, white. Handsome 
species from Japan. 
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XXX. SAXIFRAGACEAS. Saxifrage Family. 

Herbs or shrubs of various habit, with opposite or alternate le^i ves 
that usually do not have stipules: fl.oweio with cvury mostly inferior. 
5-merous, the stamens usually 10 or less Oii a lew cases as many as 
40); pistils 10 or less, either separate or the carpels united, the fruit 
a follicle, capsule or berry. A polymori/hous family comprising some 
600 species in about 75 genera. Comprises saxifrage^ mitre-wort, 
hydrangea, mock orange, currant and gooseberry. 

A. Herbs. 

B. Stamens twice as many as petals, 
c. Petals entire: stamens usually 10. 

D. Flowtirs in cymes or panicles (rarely solitary): 

capsule 2-beak( rl: ovaiy usually 2-eell(^d 1. Saxifraga 

DD. Flowers in racemes; ovary 1 -celled: capsule 

2-beaked, witli 1 bcaa the longer and larger .... 2. Tiarclla 

cc. Petals with edges fringed or cleft 3. Mitella 

BB. Stamens (fertile) 5, or equal in number to the petals: 

clusters of sterile stamens opposite each petal 4. Pamassia 

AA. Shrubs. 

B. Leaves opposite, 
c. Stamens 8 or 10. 

D. Flowers all alike: sepals 5 6 . Deutzia 

DD. Flowers usually of 2 kinds: the marginal ones 

enlarged and neutral, apetalous 6. Hydrangea 

CC. Stamens many: petals 4 or 6, large, white 7. Philadelphut 

BB. Leaves alternate 8. Kibes 

1. SAXlFRAGA. Saxifrage. 

Herbs, with root-leaves in rosette: flowers perfect, small, whitish, in 
cymes or panicles, on leafy stems or leafless scapes; sepals 5, more or less 
united; petals 5, entire inserted on calyx-tube; stamens mostly 10; stvles 
2 and capsule 2-bcaked, or of nearly separate divergent pods. 

S. virgini6nsis, Michx. Little perennial herb with spatulate or obovate, 
petioled, crenate, thick leaves: scape 3-12 in., erect, viscid-pubescent, 
bearing many small, white flowers in a loose cyme, the petals exceeding the 
calyx. In early spring, on moist banks and rocks. 

2. TIAR&LLA. False Mitrewort. 

Perennials, with small white flowers in racemes: calyx white, campan- 
ulate, 5-lobed; petals 5, entire on claws; stamens 10, with long filaments 
from the calyx-tube; ovary 1-celled, nearly superior; styles 2, long and 
slender: capsule with two very unequal beaks. 

T, cordifdUa, Linn. Scape slender, pubescent, leafless or with 1 or 2 
leaves; stoloniferous from rootstocks: leaves cordate, lobed or toothed, 
petioled, slightly hairy or downy beneath: flowers white, in short raceme. 
Spring. Handsome. 
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3. MIT£LLA. Mitrbwort. Bishop’s Cap. 

Delicate little perennials, with small, white flowers in a raceme or spike, 
the basal leaves heart-shaped or reniform: scape with 2 opposite leaves, or 
1 or none: calyx short, 5-cleft, adherent to base of ovary; petals 6, white 
edges daintily fringed, inserted on calyx; stamens 5-10, with short fila- 
ments, on petals; styles 2, short. 

M. diph^lla, Linn. About 1 ft. tall: root-leaves in a cluster, cordate, 
ovate, somewhat .3-5-lobed, toothed, hairy: scape rather hairy, with 2 
opposite nearly sessile leaves near middle: flowers tiny, many, white. May 
to early June, in ricih woods. 

M. nfida, Linn. Very delicate and slender: scape usually leafless: basal 
leaves reniform, crenate: flowers few, greenish, very small, pedicelled; not 
common. Damp, cold woods, northward. Late spring and early summer. 

4. PARHASSIA. Grass of Parnassus. 

Low, glabrous perennials, Iwlonging mostly to marshy or wet situations: 
root-leaves in rosettes, rounded, entire; stem-leaves 1 or few, alternate: 
flowers solitary, terminal, on a scape-like stem, white or greenish; calyx 
6-lobed to near base; fertile stamens 6, alternating with the 5 whitish 
petals, a cluster of sterile filaments at basc< of each petal; ovary superior 
1-ccllcd, with 4 parietal placentae, and usually 4 stigmas. 

P, carolinidna, Michx. One flower with sessile petals, white, with green- 
ish veins, 1 - 1^2 ii^- broad: root-leaf thickish, ovate or cordate, 1 leaf usually 
near base of scape: 0-15 in. high. Wet places. Summer. 

5. DEtrxZIA. 

Shrubs, having opposite, simple, exstipulate leaves: flowers panicled or 
racemed, numerous, white or pinkish: calyx-lobes 5; petals 5 to many; sta- 
mens 10, 5 long and 5 short, the filaments flat, commonly with 3 prongs, 
the middle prong antheriferous ; ovary inferior, styles 3-5. 

D. gr&cilis, Sieb. & Zucc. Grows to 2 or 3 ft. : flowers many, white, single 
or double: leaves oblong-lanceolate, sharply serrate, green and smooth. 
June. Cultivated from Japan. 

D. sedbra, Thunb. Tall, pubescent; leaves ovate or oblong-ovate, finely 
crenate or serrate; flowers pinkish. Later-blooming than preceding, and 
much larger. China and Japan. 

6. hydrangea. 

Shrubs, with opposite, stalked exstipulate leaves, and flowers of two 
kinds in terminal cor>’mbs or cymes, the outer ones usually sterile, often 
apetalous, consisting merely of a showy, flat or spreading 5-lobed calyx, the 
fertile flowers small, with calyx-tube 4-5-toothed; petals 4 or 5: stamens 8- 
10, filaments slender; ovary inferior, 2-celled (rarely 3- or 4-celled) ; styles 2-^. 

H. arborescens, Linn. Leaves ovate, obtuse or cordate at base, acumi- 
nate, serrate, green on both surfaces, nearly or quite smooth: flowers in 
flat cymes, often all fertile, but sometimes with many large, white, sterile 
flowers. Along streams. June to July. 
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H. Hort^nsia, DC. Smootli, with lar^c, lootiied, bright green oval 
leaves and flowers nearly all neutral, pink, blue or whitish, in great round- 
ish clusters, China and Japan. Cultivated in srcen bouses, 

H. paniculita, Sieb. Somewhat pubescent, with oblonp-ovate, long- 
pointed, dull, sharp-toothed leaves, and whitish Hoovers in great elongated 
panicles. Japan. Tin* common h/drangea of lawns. 

7. PHILADfiLPHUS. Mock OiniNGE (trom the flowers). Si ring, v. 

Shrubs with showy corymbose or paniculate white flowers and opposite 
simple leaves: petals 4 or 5; stamens 20 or more; ovary 3-5-lo*’uled, becom- 
ing a capsule. 

P. coron&rius, Linn. Tall shrub with erect branches: le>*vcs oblong- 
ovate and smooth: flowers cream-white, fragrant, in close clusters, in late 
spring. Europe. 

P. grandifldrus, Willd. Tall, with long recurving branches: leaves ovate- 
pointed and somtjwhat downy beneath: flowers pure white, scentless, in 
loose clusters. Virginia, south, and p'anted. 

8. RlBES. Gooseberry and Currant. 

Low shrubs, often prickly, with alternate digitately lobed leaves: 
flowers small; sepals 5 and petal -like, on the ovaiy; petals and stamens 5, 
borne on the calyx: fruit a small globular berry. 

a. Gooseberries: jlowcrs 1~3: nsually spines below the leaves. 

R. ozyacanthoides, Linn, Small bush, with long, graceful branches and 
very short thorns or none: leaves thin, orbi(;ular-ovate, about 3-lobed, 
the edges thin and round- toot hod: flowers on very short peduncles, the 
calyx-lobes longer than the calyx-tube, the ovary and berry smooth, the 
fruit reddish or green. Swamx>s North; probable ])ar(*ut of Houghton and 
Downing gooseberries. 

R. Grossuliria, Linn. English gooseberry. Stiffer a: d 
denser bush, with firm and thickish more shining leaves, 
which have revolute margins: ovary downy and the large 
fruit i^ubescent or bristly. Europe; parent of the large- 
fruited gooseberries. 

R. Cyndsbati, Linn. Ttill, open prickly bush, with 
thickish bluntly 3-lobed downy leaves and long peduncles 
bearing 3 or more flowers with calyx-lobes shorter than 
the tube: leaves rounded and 3-lobed: fruit dull purple, 
either prickly or smooth. Common in dry places. 640. Ribesyulgare. 

aa. Currants: flowers in long racemes: no sjnnes. 

R. Vttlgftre, Lam. Bed and white currant. Fig. 540. Erect bush, with 
broad-cordate 3-5-lobed leaves with roundish lobes and not strong-smelling; 
racemes drooping, the flowers greenish and nearly flat open: berries (cur- 
rants) red or white. Europe. 

R. nigrum, Linn. Black currant, stronger bush, with strong-scented 
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leaves and larger oblong or bell-shaped flowers with bracts much shorter 
than the pedicels: berries black and strong-smelling. Europe. 

R. fl6ridum, L’Her. (R. americanum, Marsh.). Wild black currant. 
Fig. 541. Straggling bush, with heart-shaped 3-5-lobed doubly serrate some- 
what scented leaves: flowers in long racemes, whitish, with bracts longer 
than the pedicels: fruit black, scented. Woods. 

R. aureum, Pursh. Golden, buffalo, or flowering currant. Fig. 542. 

Large bush, with racemes of long-tubular yellow very 
fragrant flowers: fruit blackish. Missouri, west, but com- 
mon in gardens for its flowers. 

XXXI. ONAGRACE.®. Evening Primrose Family. 

Mostly herbs: leaves various, alternate or opposite, 
without stipules: flowers perfect, usually 4-parted, with 
calyx-tube joined to ovary and often prolonged, the 
margin 4-lobed, lobes valvate in the bud, usually 
reflexed in flower: petals 4 (2-9), on throat of calyx- 
tube: stamens as many or twice as many as petals: style 1, slen- 
der, the stigma 4-lobcd (sometimes 2-lobed) ; ovary 2-4-celled. 
More than 300 species and 40 genera, of wide distribution. 

A. Calyx-tube much prolonged beyond the ovary. 

B. Lobes generally refiexed: fruit a dry capsule, dehiscent..!. CEnothera 
MB. Lobes large and spreading: calyx-tube highly colored: 


fruit a 4-celled berry: flowers drooping 2. Fuchsia 

AA. Calyx-tube not much prolonged. 

B. Stamens 8; petals 4 3. EpHobium 

BB. Stamens 2; petals 2 4. Circoea 


1. (ENOTHERA. Evening Primrose. 

Herbs, stems usually erect: leaves alternate: flowers brightly colored, 
regular, axillary or in terminal spikes; calyx-tube prolonged beyond ovary, 
the 4 lobes usually reflexed, sometimes soon falling; petals 4; 
stamens 8; stigma 4-lobed; capsule usually narrow and long, 
4-celled, many-seeded. 

(E. biennis, Linn. Common evening primrose. Figs. 276, 415. 
Stem erect, 2-5 ft., hairy and leafy: leaves lance-oblong, 
somewhat repandly-toothed; flowers pure yellow, fragrant, in 
terminal, leafy spikes, not remaining open in broad sunshine: 
calyx-tube 2 to 3 times longer than ovary and lobes reflexed; 
petals obcordate: pod oblong, bluntly 4-angled. A very com- 
mon biennial of roadside and pasture, opening quickly at 
842. Riben “ShtfaU. 

aureuxn. (E. fruticdsa, Linn. <8tindrops. Biennial or perennial: stem 




641. Hibes 
floridum. 
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erect, 1-3 ft., leafy, more or less hairy: fiowerc ye! low, 1-2 in. in diameter, 
in corymbed racemes, open in daytime: pod decidedly 4-angled and 4- 
ribbed, rather downy, shortly stalked. Dry soil. 

(E. pi^mila, Linn. Resembles prec^'ding, but smaller, d-12 inches high : 
corolla yellow, about in. across: pod smooth, 4-angled, sessile or short- 
stalked. Dry soil. 

2. FtrCHSIA. Figs. 172, 183, 205. 

Herbs or shrubby plants (some trees): leaves opposite, or 3 in a whorl, 
flowers drooping, axillary; calyx-tube colored, extended beyond ov^ary; 
margin 4-lobed, spreading; petals 4 on throat of calyx; stamens 8, project- 
ing; style long: fruit a 4-celied berry. A number of species ot these orna- 
mental plants in cultivation. Mainly native to South America. 

F. magell&nica, Lam. Smooth and tender: leaves simple toothed, 
slender-petioled: flowers hanging on long peduncles from leaf axils: calyx 
red, lobes long, exceeding the tube and the petals; petals blue or purple or 
red, obovate, notched, convolute about the bases of the long fi laments and 
style. The common window-garden fuchsir.s (F. spedosa) have descended 
from this species, more or less hybridized with others. 

3. EPILdBIUM.* Willow-herb. 

Mostly perennials, with leaves nearly sessile, alternate or opposite; 
flowers white or purple, spicate, racemed, or solitary; calyx-tube little 
if any longer than ovary, limb 4-cleft; petals 4; stamens 8; stigma 4-lobed: 
fruit linear, 4-sided, dehiscent by 4 loculicidal valves, many-seeded: seeds 
with tuft of long, silky hair attached to tip. 

E. angustifdlium, Linn. Purple fireweed. Stem simple, erect, 4-7 ft.: 
lower leaves alternate, lanceolate, nearly entire: racemes long, terminal, 
showy; flowers large, about 1 in. across, reddish purple. Common in woods. 

4. CIRC.£A. Enchanter’s Nightshade. 

Low, delicate, and insignificant perennial herbs, with creeping root- 
stocks: leaves opposite, very thin, petioled: flowers very small, in terminal 
and lateral racemes; calyx-tube slightly i)rolonged beyond ovary; parts of 
the flower in 2’s. Damp, shady places. Summer. 

C. Luteti4na, Linn. Stem erect. 1-2 ft. tall, ijubescemt: leaves ovate, 
slightly repand-toothed : flowers white or pink, about h^in. in diameter, on 
slender pedicels, bractless: fruit small, round, 2-celled, bristly. The com- 
mon species in damp, shady places in summer. 


XXXII. UMBELLlFERiE. Parsley Family. 

Herbs, mostly strong-scented and with compound alternate leaves 
with petioles expanded or sheathing at the base: flowers small, mostly 
perfect, 5-merous, epigynous, in umbels or umbel-like clusters; stamens 
5: fruit consisting of 2 carpels, which are dry and seed-like and 
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indehiscent. Oil-tubes, in the form of stripes, 1 or several in the 
intervals of the ribs on the fruits, also sometimes under the ribs and 
on both faces of the fruit, are characteristic features of the Umbel- 
liferae. A well-marked natural family of about 1,500 species in about 
160 genera. Some of the species are poisonous. Hjere belong parsley, 
parsnip, carrot, celery, caraway, sweet cicely. !^ther difficult for 
the beginner. 


A. Fruits bristly .* 1. Daucus 

AA. Fruits not bristly. 

B. The fruits winged. 

> c. Wing single, surrounding the margin: flowers 

yellow 2. Pastinaca 

cc. Wing double on margin: flowers white 3. Angelica 

BB. The fruits wingless. 

c. Fruit long and slender, tapering at base: no appar- 
ent oil-tubes: flowers white 4. Osmorrhiza 

cc. Fruit ovate or orbicular. 

D. Plant low and delicate: blooms in earliest spring: 

stem with 1 or 2 leaves, if any ’.5. Erigenia 

DD. Plant tall: stems leafy. 

B. Axis not splitting in two when the carpels 

fall from it 6. Apiwm 


EE. Axis splitting in two when the cari)els or “seeds” 

fall. Leaf -segments filiform, flowers white.. .7. Carum 

1. PAtCUS. Carrot. 

Annuals or biennials, bristly, slender and branching, with small white 
flowers in compound umbels, the rays of which become inflexed in fruit: the 
fruit oblong, ribbed and bristly. 

D. Cardta, Linn. Carrot. Figs. 194, 410. Leaves pinnately decompound, 
the ultimate segments lanceolate: outer flowers with larger petals. Europe; 
cultivated for the root, and extensively run wild. 

2. PASTINACA. Parsnip. 

Tall, smooth biennials of strict habit and with pinnately compound 
leaves: flowers yellow, in compound umbels with scarcely any involucres: 
fruit oval, very thin, wing-margined. 

P. sativa, Linn. Parmip. Flowering stem 2-4 ft. tall, grooved, hol- 
low: leaflets ovate or oblong, sharp-toothed. Europe; cultivated for its 
roots and also run wild. 

3. ANGl^LICA. 

Strong, tall, perennial weeds, with great compound leaves and large 
umbels of small white flowers, with involucre and involucels none, or only a 
few small bracts: fruit ovate or oval, flattened, with rather broad, marginal 
wings: oil-tubes many. 
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A. atropurpilrea, I inn. A great wceJ, 3~8 ft. tall, in moist, rich soil or 
swampy ground, wii.li stem stout, smooth, btron>» -scented, ofte*i purple: 
leaves large, 3-compound, on petioles with broad, inflated bases: unJ^els 
large, flowers greenish white. 

4. OSMORRHtZA. Swket Cicflt. 

Herbs, 1-2 ft. or more, prrenniat. glabrous or pubescent, from thick- 
clustered, aromatic root»: leaves 2 or 3 times piiinately c««mpo^md; 
leaflets variously toothed,- the whole lepf fern-like: flowers many, email, 
white, in compound, ra>t‘d umbels: fruit linear to lincar-ob’cng, attenuate 
at base, short -beaked, compressed, with b bristly ribs: no oil-tubes. 

O. Cldytdnii, Clarke, t^tout, downy, 1-2 or 3 ft.: style conical, shorter 
than the ovai'y. 

O. longistylis, DC. 'Jlabrons or nearly so, otherwise much ^'ke the pre- 
ceding: style slender and about as long as the ovary: root aromatic. 

6. ERIGENtA. 

Little, glabrous perennial, early flowerng: simple stem, springing from 
a rounded tuber: leaves: finely compound: flowers in smiill ehisters, in 
leafy bracted umbels, small, white; calyx-teeth wanting; petals obovate or 
spatulate: fruit nearlj’^ orbicular, compr(*s8t*d on sides, glabrous, notched 
at both ends. 

E. bulbdsa, Nutt. Harbinger of spring, A delicate and pretty but incon- 
spicuous plant, 4-10 in. high, springing from the ground in earliest 
spring, on sunny slopes of woodlands. The little white petals and brown or 
purplish anthers give a “pepper-and-salt” appearance. 

6. APIUM. Celery. 

Annuals or biennials, with large pinnate leaves: flowers white, in small 
umbels: fruit small, usually as broad as long, each carpel 5-ribbed: axis, 
from which the carpcjls fall, not splitting in two. 

A. graveolens, Linn. Celery. Biennial, smooth: leaflets 3-7, wedge- 
shaped or obovate, the lower ones about 3-divided, round-toothed, Europe: 
cultivated for its petioles, which have become greatly enlarged. Many 
cultivated forms. 

7. CAruM. Caraway. 

Slender and erect, smooth annual and biennial herbs with pinnate 
leaves: flowers white, in compound umbels provided with involucres: axis 
bearing the carpels, splitting in two at maturity. 

C. C&rui, Linn. Caraway. Stem furrowed, 1-2 ft.: leaves cut into 
thread-like divisions: flowers white. Europe. Cultivated for its fruits, 
known as “Caraway seed,” and also run wild. 

C. hort^nse, Hoffm. (C. Petroselinum^ Bcnth. Petroselinum hortense^ 
Hoffm.). Parsley. One to 3 ft.: leaflets ovate and 3-cleft, often much cut or 
“curled” in the garden kinds: flowers yellowish. Europe. Grown for its 
foliage, used for garnishing and flavoring. 
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CC. GAMOPETALJE. 

XXXIII. LABIAT^. Mint Family. 

Herbs, usually of aromatic scent, with 4-comered stems and oppo- 
site usually simple leaves: flowera typically 2-lipped; stamens 4 
in 2 pairs, or only 2; ovary deeply 4-lobed, forming 4 indehiscent 
nutlets in fruit. A well-marked family of some 2,700 species, dis- 
tributed in about 150 genera, of both temperate and tropical regions. 
To this family belongs the various mints, as peppermint, spearmint, 
catnip, hyssop, thyme, pennyroyal, savory, rosemary, sage, hore- 
hound, balm, basil. Flowers mostly in whorls in the axils of leaves or 
bracts, sometimes forming interrupted spikes. 


A. Stamens 2. 

B. Calyx nearly equally toothed. 

c. Lobes 6: throat hairy 1. Monarda 

CC. Lobes 4-5: throat naked 2. Lycopua 

BB. Calyx 2-lipped. 

c. Throat naked within 3. Salvia 

CC. Throat hairy: plants very pungent-scented 4. Hedeoma 

AA. Stamens 4. 

B. C^orolla scarcely 2-lipped: lobes nearly equal. 

c. Border of corolla 4-lobed: upper lobe broadest and 

emarginate 5. Mentha 

CC. Border of corolla 4-lobed, with a deep fissure be- 
tween the 2 upper lobes 6. Teucrium 

BB. Corolla strongly 2-lipped, 
c. Calyx 2-lippcd. 

D. Lips of calyx toothed: flowers in dense terminal 

spikes or heads 7. Prunella 

DD. Lips of calyx entire, the upper humped, or 
appendaged: flowers axillary in bracts or leaf 

axils, solitary or racemed Scutellaria 

CC. Calyx nearly or quite regular, 

D. Upper pair of the stamens the longer 9. Nepeta 

DDu Upper pair of the stamens the shorter. 

£. Stamens short, included in the tube of the 

corolla 10. Marruhium 

E£. Stamens long, projecting from the corolla-tube. 11. Leonurus 


1. monArda. Hobse-mint. 

Rather stout, mostly perennials, with flowers in close terminal heads; 
calyx tubular, 15-nerved, hairy in the throat, the teeth nearly equal: corolla 
strongly 2-lipped, the upper lip erect, the lower spreading and 3-lobed. 

M. fistttldsa, Linn. Two to 5 ft., in clumps: leaves ovate-lanceolate: 
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IQlowers in a clover-like flattinh head: calyx slijshtly curved: con 11a aboul 

1 in. long, purple. Common in dry pla<*e8. 

M. didyma, Linn. Oaivego tea. Bee halm. Stem 4-angled and l^raiich- 
ing: leaves peth'led, shcfrtly ovate to iane**ola,U*. ihose about the terminal 
head tinged with red; not v*Ty conuuon wild. i>ut cultivated. 

2. L^COPUS. Wat^.r Hoakhoun®. 

Low perenniali., with ? holons or suckers, mi ch like the miiivS (Montha) 
and growing in similar rri.ast or shady places: not aromati<*: flowers small, 
white clustered in hiaf axils: calyx bell-shaped, 4- to o-coothert: corolla 
campanula to. with 4 neaily < qual lobes: fertile stamens 2, the other 2 rudi- 
mentary or wanting: flowers staall, white or purplish, braeteu and whorled 
in axillary clusters. 

L, virgfnicus, Liim. 8tcui 6 in. to 2 ft., obtusely 4-an, led, green or 
often purplish: stolonihaous: leaves oblong or ovate-lanceolate, serrate, 
except at base, short-petioled or nearly sessile, fn moist places. Summer. 

3. SALVIA. Saoe. 

Annuals or perennials, mostly with large and showy floweis: calyx and 
corolla 2-lipped: upper lip of corolla Large and usually arched, entire or 
nearly so, the lower lip sr)reading and 3-lobod: stamens 2, short, the anther 
locules separated by a transverse bar. 

S. officindlis, Linn. Common sage. Erect low p<Tennial, with gray 
pubescent foliage: leavt’fs oblong-lanceolate, erenulate, very veiny: flowers 
blue, in spiked whorls. F^uropc; used for seasoning. 

S. spl€ndens. Sell. {S. coccinea of gardens). Scarlet sage. Tender peren- 
nial from Brazil, but much cultivated for its bright scarlet floral leaves, 
calyx, and corolla: loaves ovate-pointed. 

4. HEDEdMA. Mor.’K Pennyroyal. 

Low, aromatic-fragrant herbs, with small bluish flowers in loose axillarj’’ 
clusters, often forming terminal racemes or spikes: calyx tubular, 18-nerv"d, 
swollen on lower side, hairy in throat, 2-lipped; corolla 2-lippcd, upper lip 
erect, flat, emarginate, the !ow(?r spreading and 3-cleft, 2 i>erfect stamens; 

2 shorter sterile stamens sometimes jiri'sent. 

H. pulegioides, Pers. Small annuals of pungent fragrance and taste, 
with slender .stem G-12 in. tall, erect, branching, imbescent: leaves ovate 
to oblong, about 1 in. long, few-toothed, i)etiolate: whorls fcw-flowcred, the 
corolla bluish, pubescent. In dry fields and woods. Summer. 

5. M£HTHA. Mint. 

Low perennials: calyx with 5 similar teeth: corolla nearly or quite regu- 
lar, 4-cleft: stamens 4, equal: flowers in heads or interrupted spikes, pur- 
plish or white. 

M. piperita, Linn. Peppermint. Straggling, 1-3 ft. tall, the plant dark 
colored (stems purplish) : leaves ovate, oblong, or narrower, acute, sharply 
serrate: flowers light purple, in thick spikes 1-3 in. long. Europe. 
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M. spicftta, Linn. (Af. viridia, Linn.). Spearmint. Fig. 543. Erectfand 
smooth, 1-2 ft., green: leaves lanceolate and sharply serrate*, flowers whitish 
or tinted, in long, interrupted spikes. Europe. Along roadsides, and 
cultivated, 

M. canadensis, Linn. Wild mint. One to 2 ft., pubescent: leaves lanceo- 
late: flowers tinted, in whorls in the axils of the leaves. Low grounds. 


6. TStCRIUM. Gebmandeb. 

Perennial herbs (or shrubs) with small, pinkish, rather irregular flowers, 
in terminal bracted spikes (or heads) or verticillate in the upper axils of the 
stem-leaves: calyx 5-toothcd, 10-nerved: corolla 5-lobed, with 4 upper lobes 
oblong, somewhat equal, and turned forward, the lowest lobe large, rounded; 
stamens 4, in 2 pairs, projecting from a deep fissure between the 2 upper 
lobes of the corolla. 

T. canad^nse, Linn. Erect, pubescent, 1-3 ft.: leaves 
ovate-lanceolate, irregularly serrate, short-petioled : bracts 
under the flowers linear-lanceolate, about as long as calyx: 
spike long and slender, the few odd-looking purplish or 
pinkish flowers in crowded verticels. Damp ground. Late 
summer. 

7. PRUNfiLLA. Self-heal. 

Low, usually unbranched perennials without aromatic 
odor: calyx about 10-nerved, 2-lipped: corolla 2-lipped, the 
upper lip arched and entire, the lower one 3-lobed: sta- 
mens 4, in pairs, ascending under the upper lip. 

P. vulgdris, Linn. Self-heal. Three to 10 in. tall, with 
ovate or oblong, usually slightly toothed leaves: flowers 
small, violet (rarely white), in a dense, oblong, clover-like 
head or spike. Common in grassy places; often a weed in 
lawns. 

543. 8. SCUTELLARIA. Skullcap. 

Mentha spicata. _ .... . . « , . 

Perennials, bitter, not aromatic: flowers solitary or in 

pairs, axillary or in bracted spike-like racemes; calyx bell-shaped, 2-lipped, 
the lips closed in fruit, the upper one appendaged on the back (at maturity 
the calyx splits to the lx)ttom, the upper lip usually falling off); corolla- 
tube elongated, curved and ascending, swollen above the throat, 2-lipped, 
the upper lip arched and notched: stamens 4, ascending in pairs under 
the upper lip, the upper pair shorter. 

S. laterifdlia, Linn. M ad-dog skullcap. Smooth, 1-2 ft. high: stem 
nearly or quite erect, much branched, slender, leafy: leaves thin, ovate- 
lanceolate, pointed, serrate, petioled: flowers blue (rarely white), small, 
M-M in. long, in axillary, 1-sided racemes (some temfinal). Wet, shaded 
places. Summer. Several related species grow in bogs and along slow 
streams, but most of them will not be likely to attract the attention of the 
beginner, although all are odd or interesting. 
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9. n£PETA. Catmint. 

Perennials, mostly s^eet-scented: calyx nearly equally 5-tootbed; corolla 
2-lipped, the upper Jip -^rect and comewhat eoncave, the lower a-.lcbed: 
stamens 4, in paiis under the upper lip, • he outer p.iir the shorter. 

N. Catiria, Limn Com^non caimini or ratmp. Figs. 213, 414* Erect, 
2-3 ft., pubescent: leaves ccrdate-ovate, crenate, giayish: corolla tinted: 
flowers in interrupted spikes. Intioduccid froir. Europe. 

N. heder4cea, Trev. ( V. Glechontat Benth.). Ground ivy, i‘ iU-ov^.r-lhe^ 
yround. A weed from Eva ope, but familiar almost everywhere; creeping, 
with rounded, crenateiy margined, petioled leaves: flowers bluish purple, 
small. 

10. MARRtTBIUM. Horehocnd. 

Erect pereiinijils. vith white- woolly aspect: calyx nearly equally 5- 10- 
toothed, the teetli veri’ t^harn: corolla 2-iipi>ed, the upper lip erect and 
notched, the lower one spreading and 3-lobed: stamens 4, included in the 
corolla-tube. There are a nun.ber of Old Woild speciec, blit only the 
following seems to have run wild in this country:, 

M. vulgdre, Linn. Corrmon horehound. Leaves broad-ovate and 
crenate: flowers small, white, in dense whorls. Europe, but common. 

11. LEONtlRUS. Motherwort. 

Erect perennials with green aspect: calyx about equally 6-toothed, the 
teeth becoming spine-like; corolla 2-lipped, the upper lip somewhat arched 
and entire, the lower spreading and 3-lobed: stamens 4, ascending under the 
upper lip: nutlets 3-anglcd. 

L. Cardiaca, Linn. Common motherwort. Tall: leaves rounded and 
lobed: corolla purple, the upper lip bearded; flowers in axillary whorls. 
Introduced from Europe. Common. Other introduced species may now and 
then be found. 


XXXIV. VERBENACE^. Vervain Family. 

Herbs, shrubs or trees: leaves opposite or whorled (in our spe- 
cies), exstipulate: flowers monopetalous, often irregular, in bracted 
cymes or panicles; calyx free from the ovary, 4-5-cleft; corolla some- 
times regular, but often more or less 2-lipped: stamens 4 (rarely 
2), in unequal pairs, inserted on corolla, alternate with lobes; style 
1; ovary mostly 2- to 4-celled (not lobed), with style from summit: 
fruit dry or drupe-like. About 1,200 species, mostly tropical. 

V£Rb£:na. Vervain. 

Herbs with simple, opposite, seirate or pinnately-lobed leaves: flowers 
usually sessile, bracted, in terminal spikes: corolla salver- or funnel-form, 
with border somewhat unevenly 6-cleft. 
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V. urticaefdUa, Linn. Perennial, common coarse weed in waste ground: 
4-6 ft. tall: leaves oval, coarsely serrate, stalked: flowers minute, white, in 
slender spikes. 

V. angustifdlia, Michx. A perennial, roughish weed, with stems 6 in. 
to 2 ft., mostly simple, leafy: leaves sessile, narrow-lanceolate, tapering to 
sessile base: flowers small, in spikes; corolla purple: fruits overlapping on 
spike. Dry fields. 

V. strfcta, Vent. Perennial, hoary-hairy: stem 1-3 ft., very leafy: leaves 
obovatc or oblong, serrate and nearly sessile: spikes thick and densely 
flowered; flowers blue-purjile, rather larger than in other common Ver- 
vains, 14 iu. across, but few ojieii at one time. Westward. 

V. hast&ta, Linn. A common, rather pubescent weed of the waysides: 
stem 2-6 ft. tall, branching, with many slender spikes of the small, braoted, 
blue-purple flowers, few flowers in bloom at one time: leaves lanceolate, 
acuminate, petioled. 

V. canadensis, Brit. One of the species from which the garden Ver- 
benas have come: stems rather prostrate and creeping: flowers in a corymb 
or peduncled spike and showy, of various colors and considerable size: leaves 
on petioles, ovate in outline, but pinnately cut or 3-parted. Wild from 
Indiana west. 


XXXV. SCROPHULARlACEiE. Figwobt Family. 

Herbs (trees in warm countries), of various habit: flowers perfect, 
irregular, usually imperfectly 5-mcrous: corolla usually 2-lipped and 
personate: stamens 4 in 2 pairs, inserted on the corolla, with some- 
times a rudiment of a fifth: ovary single, 2-loculcd, ripening into a 
several- or many-seeded capsule. About 160 genera and 2,000 species. 
Representative plants are figwort, snapdragon, toad-flax, foxglove, 
mullein, pentstemon, monkey-flower or musk-plant. 


A. Corolla very shallow and nearly regular 1. Verbascum 

AA. Corolla very irregular, often personate. 

B. Flowers with long spur 2. Linaria 


BB. Flower spurless, but saccate or swollen at the base. . 3. Antirrhinum 
BBB. Flowers not spurri*d, saccate, or much swollen. 

c. Stamens 5, but the fifth sterile, often a scale only. 

D. Sterile filament a little scale on the upper side 


of the corolla: flow’ers small and dull-colored... 4. Scrophularia 
DD. Sterile filament elongated: corolla 2-lipped. 

E. Filament shorter than the others: the 2 lips 
of the corolla but slightly open: seeds 

winged 5. Chelone 

BE. Filament about the same length as the others: 

corolla lip open: seeds wingless 6. Pentstemon 
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DDD. Sterile filamejit, nut conspicuous: corolla almost 
2-parted, th( midcfle lobe of the lower lip 

keeled, inclosiut? the 4 staiL-cas 7. Collimm 

cc. Stameiiri plainly 4. 

D. Corolla 2-Iipped: cnlsrx 5-anglec‘: flowers not 

droop in«[ 8 . Mimulua 

DD. C.’orolla slifditly 1^-lippod, irregularly 5-lobed 

flowers droopi'ig 9. Digitalis 

DDD. Corolla with »:pper lii) na}row and e)c»it, maeh 
longer tliaii +he lower, and keeled: anther • 
sacs are not. alike: floral leaves (^olo»*ed like 

petals. . . . r iO. Castilleja 

c<h;. Stamens 2 (o’- 2 otber-i inidimentary or wanting). 

D. Corolla 2-lipped li. Gratiola 

no. Corolla rotate, lobes unequal 12. Veronica 



1. verbAscum. Mullein. 

Tall biennials, with alternate decurrent hiaves: calyx 
and corolla 5-parted. the latter shallow and nea: V or («uite 
rotatcj; stamens 5, some or all of the filaments woolly. 

V. Th&psus, Linn. Coinmon rnallcin. Fig. 147. Two 
to 5 ft., stout and usually iinbranched, white-woolly: loaves 
oblong and acute felt-like: flowers yellow in a very dense 
spike. Weed from Europe. 

V. Blattiria, Linn. Moth mullein. Slender and branch- 
ing, grtien and nearly smooth : leaves oblong, serrate, often 
laterally h^bed, somewhat clasping: flowers yellow or 


cream-colored, in a loose raceme. Weed from Europe. 


2. LINARIA. Toai>-flax. 

Low herbs, of various habit: corolla persoiiat , the throat nearly or 
entirely closed, spurred from the lower side: stamens 4: capsule opening 
by apical pores. 

L. vulgdriSy Mill. Towl-flax. Butter-and-egfUf. Figs. 

227, 281, 644. Common perennial weed (from Europe), 1- 
2 ft., with linear leaves and y<‘llow fif‘wers in n^oemes. ^ 

L. Cymbal&ria, Mill. Kenilworth ivy. Fig. .545. Trail- 
ing: leaves orbicular, 6-7-lob{jd: flowers solitary on long 
peduncles, lilac-blue. Euroi>e; very common in 
greenhouses and sometimes runs wild. 

L. canadensis, Dumont. C^ommon annual 
or biennial in dry or sandy soil: flowering stems 
slender and erect, generally simple and few- 
leaved: also prostrate shoots, more leafy: leaves 
narrow, flat, entire, sessile, opposite or wliorled: 
flowers small, blue, in a terminal, loose, slender * 

raceme. 646. Linaria Cymbalaria. 
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3. AHTIRRHlHVM. Snapdragon. 

From Linaria differs chiefly in having no spur, but only a swelling at the 
base of the corolla. 

A. mijus, Linn. Snapdragon. Fig. 243. Erect biennial or perennial: 
leaves oblong, smooth, entire: flowers erect or ascending, 2 in. long, purple 
or white, in a raceme with downy axis. Europe. 

4. SCROPHULARIA. Figwort. 

Herbs perennial, rank and generally ill-smelling, with opposite leaves, 
and very odd-looking small, greenish-purple flowers, in simple or compound 
loose terminal cymes: calyx deeply 5-parted: corolla irregular, with a globu- 
lar tube, the limb 5-lobed, 4 upper lobes erect, but the lower one hori- 
zontal or reflexed: stamens 5, 4 fertile, in two pairs, the fifth sterile and a 
mere rudiment at the top of the corolla-tube. 

S. maril&ndica. Gray. Smooth, 3-6 ft., much branching, in thickets and 
damp woods, blooming in late summer and early fall; stems 4-angled: leaves 
ovate, oblong or lanceolate, coarsely toothed, 3-9 in. long, on slender petioles: 
flowers small, dull-colored. 

6. CHELONE. Turtlehead. Snakehead. 

Smooth, erect perennials, with opposite, serrate and stalked leaves: 
flowers large, sessile, white or rose-tinged, of curious shape, in the upper 
leaf axils, forming a terminal spike: calyx 5-parted, segments acute, 
bracted at base: corolla irregular, with inflated and elongated tube con- 
cave underneath, the limb 2-lipped, but lips only slightly open, the upper 
lip broad, usually einarginate, lower lip 3-lobed, bearded within: stamens 5, 
the fifth sterile and smaller, the filaments woolly. 

C. gl&bra, Linn. Two to 4 ft. high, in swamps and by brooks or in 
wet places. Late summer. 

6. PBNTSTtMOH. Beard-tongue . 

Perennial herbs, with opposite leaves, the upper sessile or clasping: 
flowers showy: calyx 5-parted: corolla irregular, with tube more or less 
inflated and 2-lippcd, the lower lip 3-lobed: stamens 5, 4 in 2 pairs each 
bearing an anther, the fifth filament conspicuous but sterile, sometimes 
longer than the others and bearded: fruit a globose capsule with many wing- 
less seeds. ' 

P. hirsfitus, Willd. (P. pubSacens, Ait.). Stems hairy, rather viscid above, 
1-2 ft.: leaves narrow-oblong to lanceolate, minutely toothed or entire; 
panicle open: corolla about 1 in. long, 2-lippcd, with a bearded palate in 
the throat, dull bluish violet or purplish. Dry situations. May to July. 

7. COLLINSIA. Innocence. Blue-eyed Mart. 

Pretty little annuals or biennials, branching and diffuse with opposite 
or verticillate leaves, and irregular flowers, blue and white, on pedicels, 
whorled or solitary in the axils of the upper leaves: corolla 2-lipped with 
the upper lip 2-cleft, the lower lip 3-cleft, with the middle lobe keeled and 
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saccate, inclosing the 4 stamens and th^ style: e fifth stamen reduced to a 
mere rudiment. 

C. v6rna, Nutt. Stem S- 16 in. , branching: leaves smal’i, various, the lower 
ovate, the upper more lanceolate and cli^spmg, niargLiS crenate or toothed: 
flowers on long peduncles, in vhorls of 4-6: corolla in., twice longer 

than calyx: 3 lower petals sl:v blue or pink, uiiper 2 petals, white. An 
#"xtremely attractive plant in woods, blooming / c>ril to June. 


H mImulhs. MoiSl K'EY-Fh ' ) WEn. 

Small herbs with opposite leaves, with usually showy solitary flowers on 
axillary peduncles: calyx S-angled and 5-toothed: corolla tubular, the 2- 
lobed upper lip erect or spreading; stamens 4; stigma 2-lobed. 

M. ringens, Linn. Wild monkey-flower. Erect perennial, with square 
stem and oblong or Inn.ioolatc clasping serrate leaves: flowers blue or light 
purple, somewhat personate. W ot places. 

M. Ihteus, Linn. M nnkcy-flowc, . Tiger-flower. 

Fig. 546. Annual, with ovate sciiatc leaves: flowers 
large, yellow, blotched with brick-red . or brown. 

Western America, and commonly cultivated. To 
gardeners often known as M. tigridioldcs. 

9. digitalis. Foxglove. 

Stem simple and strict: leaves alternate: flowers 
with a long expanding tube and a very short in- 
distinctly lobed limb, the throat wholly open: 
stamens 4. 

D. purpilrea, Linn. Common foxglove. Usually 
biennial, tall and stout (2-4 ft.): leaves oblong, 
nearly or quite entire, rough and downy: flowers many, drooping, in a 
long, erect raceme, 2 in. long, white to purple and spotted inside. Old 
garden plant from Europe. 



546. MixnuluB luteus. 


10. CASTILLfijA. Painted Cup. 

Herbs, at least partially parasitic on roots of other plants: flowers ses- 
sile in leafy, often brilliantly colored, bracts; caly> tubular, 2-4-cleft; corolla 
very irregular, tubular, the tube included in the calyx, the upper lip very 
long, arched and keeled, enfolding 2 pairs of stamens; lower lip short, 
3-lobed. Late spring and summer. Four or 5 species in our territory. 

C. coccinea, Spreng. Annual or biennial, 8-12 in., with very striking 
inflorescence of scarlet or yellow 3-cleft bracts surrounding the flowers. 
Damp meadows or thickets, not common but conspicuous. 


11. GRATiOLA. Hedge Hyssop. 

Low, mostly perennial herbs, found in damp situations: leaves opposite: 
peduncles axillary, 1-fiowered each; calyx 5-parted, segments scarcely 
equal; corolla 2-lipped, upper lip emarginate or 2-cleft, lower 3-lobed: 
fertile stamens 2. 
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G. yirginiftna, Linn. Stems branching, or creeping at base, more or 
less viscid, 4-6 in. tall: leaves oblong or lanceolate, few-toothed, sessile: 
flowers with yellowish corolla, in. long: sterile fllaments not present. 

Wet places. All summer. 

12. VERONICA. Speedwell. 

Ours herbs with leaves mostly ox)posite or whorled, blue or white flowers 
solitary or in racemes from the loaf -axils, or terminal ; corolla wheel-shaped, 
the border irregularly 4-lobed; stamens 2, inserted on corolla-tube, with 
slender long filaments: ovary 2-cellcd, style slender: capsule flattened, 
notched at apex, 2-cell ed, few- to numerous-seeded. 

americ&na, Schw. Perennial, weak and decumbent at base, rooting 
at nbdes, finally erect: leaves opposite at base, mostly petioled, thickish, 
oblong to lance-ovate, serrat(^ racemes axillary, opposite, 2-3 in. long: flowers 
small, pale blue, on slender pedicels: capsule swollen, many-seeded. Com- 
mon in and about brooks and swampy ground. June through summer. 

V. officinlllis, Linn. Little pubescent prostrate perennial, 6 in. to 1 ft., 
in dry fields and woods: h'aves wtKlgc-oblong, or obovate, short-petioled, 
serrate: racemes spik(‘-like, longcT than leaves; flowers pale blue. July. 

V. peregrina, Linn. Annual, glabrous, erect, 4-9 in., branched: lower 
leavtjs thick, oval, tooth(;d, petioled; others sessihi, entire: flowers very small, 
whitish, axillary and solitary: capsule orbicular, slightly notched. A common 
weed. April to June. 

V. serpyllifdlia, Liim. Perennial, cret^ping; leaves small, rounded, 
almost entire: flowering stems smooth, simple, ascending 2-6 in.; flowers 
very small, in terminal racemes; corolla pale blue or whitish with purple 
stripes, exceeding calyx. Common in lawms and grassy fields. May, through 
summer. 


XXXVI. SOLANACEiE. Nightshade Family. 

Herbs or shrubs, with alternate often compound leaves: flowers 
perfect and regular, 5-merous, mostly rotate or open-bell-shaped 
in form and plaited in the bud; stamens 5, often connivent around 
the single 2-loculed pistil, borne on the corolla; fruit a berry or cap- 
sule (the latter sometimes 4-loculed by a false partition), the seeds 
borne on a central column. Some 70 genera and 1,500 species. Com- 
mon representatives are nightshade, potato, tomato, husk tomato, 
tobacco, jimson-weed, petunia. 

A. Fruit a fleshy berry. 

B. Fruiting calyx bladdery-inflated and wholly inclosing 
the fruit; anthers not connected, opening length- 
wise 1. PhysaUa 

BB. Fruiting calyx not inflated. 
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c. Stamens wi+h anthers equaiing or exceeding the 
filaments. 

D. Anthers separf'te or barely connected, opening 


at the top 2. Solarium 

DD. Anthers united, oT)cning lengthwise 3. Lycopersicvm 

cc. Stamens with anthers n uch shorter thnii fi!anients.4. Capsicum 
AA. Fruit a capsule. 

B. Calyx 5-parted to n(;ai- base 5. Pit/unia 

BB. C dyx toothed, not "U cp-parted. 

c. Pod usually prickly, large. 6. Datuui 

cc. Pods not prickly, small 7. Micotiana 


1. PHtSALIS, Ground Ch^uiry. 

Herbs, flowering »hr(Aigh the summer: flowers solitary, nodding on 
axillary peduncles: leaves alt<‘ruatc or often somewhat paired, margins 
entire or sinuate: calyx cAilarging after floweiing. and finaPy inclosing the 
pulpy berry as a niu/h-inflatod papery sac; corolla yellowish or white, often 
with dark center, wheel-shaped, with rhort tube, the bonh'r obscurely 
5-lobed, plaited in l.md, 

P. virginiUna, Mill. Perennial b> rootstocks, viscid: fruiting calyx 
pyramidal, closed, more or less 5-angled and inthuited at base: berry reddish 
yellow, edible, not filling th(; loosely inflated calyx: corolla y(*llow, neaiiy 
an inch in diameter, with brown center, and edge 5- to lO-anghd: anther.-, 
yellow. Open places, in rich soil. Summer. 

P. pub4scens, Linn. Low annual, more or less pubeseent and clammy: 
stem generally diffuse in l)ranching, 9-18 in. tall, often sonn^what swollen at 
nodes: corolla small, about ^2 i*u across, yellow or greenish, with a dark, 
spotted center; anthers purple: the green or yellow berry does not fill the 
closed, 5-angled calyx. In low or damp places. 

2. SOLANUM. Nicjhtshade. 

Perennials or animals: calyx and corolla 5-parted, the latter rotate; 
stamens 5, exserted, the anthers separate and opening by a pore in the top: 
berry 2-loculed. 

a. Plants not prickly. 

S. tuberdsum, Linn. Potato. Figs, 24, 45, 242. Low, diffuse-growing 
perennial, producing stem-tub<‘rs on shuidor underground rootstocks: leaves 
pinnate, the leaflets differing in size and ovate: flowers bluish: berries globu- 
lar, yellowish green. Warm temperate elevations of tropical America. The 
“Irish,” “white” or “round” potato. 

S. nigrum, Linn. Common nightshade. Branchy aiinual. 1-2 ft., nearly 
smooth: leaves ovate, wavy-margined; flowers small, white: berries small, 
black. Waste places. 

S. Dulcam&ra, Linn. Bittersweet. Fig. 424. Tall, loosely climbing: leaves 
cordate-ovate, sometimes 3-lobed, often with 2 or 4 small leaflets at the base: 
flowers small, violet-purple: berries oval, red. Perennial. Common. 
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aa. Plants prickly. 

S. Meldngenai Linn. Eggplant. Guinea squash. Fig. 288. Stout annual 
with large, ovate, somewhat angled pubescent leaves: flower large, purplish, 
the calyx prickly: fruit a very large purple or white berry (often weighing 



647. Capsicum annuum. 


several pounds). India. 

3. LYCOPfiRSICUM. Tomato. 

Differs from Solanum chiefly in having the anthers 
united at their tips by a membrane and opening by 
lengthwise slits. 

L. escul6ntum. Mill. Common tomato plant. Tall, 
hairy, strong-smelling herb, with pinnate leaves, the 
leaflets ovate and unequal-sided and of different sizes: 
flowers small, yellow, in short forked racemes: fruit a 


large red or yellow berry. South America. 


4. capsicum. Red Pepper. 


Erect, branchy, smooth herbs: stamens with slender filaments which 
are much longer than the separate anthers, the 
latter opening by lengthwise slits: fruit globular, 
long or irregular, firm. 

C. knnuum, Linn. Common red pepper. Fig. 

547. Annual or biennial, with ovate entire leaves: 
flowers white, with very short-toothed or trun- 
cate calyx: fruit very various in the cultivated 
varieties. Tropical America. 

5. PETtHIA. Petunia. 

S48. Petunia nyotaginiflora. 

Clammy-hairy diffuse herbs: calyx-lobes leaf- 
like and much longer than the tube; corolla funnelform, showy, the stamens 
not projecting: fruit 2-loculcd, capsular. South America. 

r. nyctaginifidra, Juss. White petunia. Fig. 548. Corolla white, very long- 




649. Petunia. 
Very near the original 

P. violaoea. 


tubed: leaves oval-oblong, narrowed into a petiole. 

P. vioUcea. Lindl. Fig. 549. Weaker and more 
diffuse: corolla purple or rose, the tube short and broad: 
leaves ovate or oval, nearly or quite sessile. The gar- 
den petunias are mostly hybrids of the 2 species. 

6. DATtiRA. Jamestown-weed or Jimson-weed. 

Very strong bushy herbs, with large, long-tubular, 
short-lived flowers from the forks of the branches: 
stigma 2-parted: fruit a globular usually prickly cap- 
sule, opening by 4 valves. 

D. Stramdnium, Linn. Fig. 275. Annual, 3-5 ft.; 
the stem green: leaves ovate, sinuate or angled: corolla 
white. Tropics; common weed. 

D. T6tula, Linn. Stem and corolla purple. 
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7. OTCOTIANA. Tobacco. 

Tall herbs, with large usually pubescent Itavea: 
corolla funnelfonu or salverform, the tube usual).> iong: 
stigma not lobed; pod 2-4 valved, not very large, 
contained within the persistent ^’alyx. 

N. Tab&cum, Linn, Tobacco. Robust anriMal, 4-0 
ft., with very large ovate dccurreiit entire Ibavvas and 
rose-purple panicled flowers. Tropical America. 

N. aUta, Link & Otto > N. ajffinu of gardens). Kig. 
550. Slend<!r but tail (2-1 ft.) plant witn clamiiiy- 
pubescent herbage; le;ives lanceolate or obovr'e, 
entire: flowcr& white, with very slender tube 5-6 
in. long, the limb onetiual. Brazil; common in 
gardens. 



550. ' liootiana al'tta. 


XXXVII. CONVOLVULXCFAE. Convolvulus Family. 


Herbs, mostly twining, with alternate chiefly simple leaves; flow- 
ers regular, 5-merous, the tubular or trumpet-shaped corolla mostly 
twisted in the bud, the stamens 5 and borne on the corolla; ovary 
commonly 1-, mostly 2-loculed, with 2 ovules in each lociile, becom- 
ing a globular capsule in fruit (which is sometimes 4-loculed by the 
insertion of a false partition). The family contains between 30 and 
40 genera, and nearly 1,(K)0 species. Common convolvulaceous plants 
are morning-glory, cypress vine, sweet potato, bindweed, dodder. 


A. Plants with normal foliage. 

B. Stigma 2-3-lob(;d, knobbed: calyx not bract ed 1. Ipomaa 

BB. Stigmas 2, thr<*ad-form : calyx sometimes inclosed by 2 

leafy bracts 2. Convolvulus 

AA. Plants leafless, parasitic 3. Cuscuta 


1 . IPOM^A. Mohninq-glory. 



551. Ipomcea 
Quamoolit. 


Mostly twining, with showy flowers on axillary peduncles: 
corolla with a long tube and a flaring limb; pistil 1, with one 
style, and the stigma 2-3-lobed: fruit a capsule, with l-seeded 
locules. 

a. Leaves compound, with thread-like divisions, 

I. Qu&moclit, Linn. Cypress vine. Fig. 551. Leaves pin- 
nate: flowers solitary, red, small, narrow-limbed, with pro- 
jecting style and stamens. Tropical America, but run wild 
South; also cultivated. Annual. 

aa. Leaves simple or deeply lohed, broad, 

I. Bdna-N6z, Linn. White moonflower. Fig. 552. Tall: 
leaves heart-shaped, or angled or lobed: flowers 1 to few, 
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white, opening once at night, with a slender tube and a large limb 4-6 in. 
across. Tropical America. Perennial. 

I. purpurea, Roth. Morning-glory, Fig. 240. Leaves 
broadly cordate-ovate, entire: flowers 2-4, large and fun- 
nel-shaped, 2-3 in. long, purple to streaked and white. 
Tropical America. Annual. 

I. hedericea, Jacq. Leaves heart-shaped, 3-5-lobed: 
flowers 1-3, rather smaller than those of I. purpurea. 
Tropical America. Annual. 

I. Batatas, Poir. Sweet potato. Fig. 204. Creeping: 
leaves heart-shaped to triangular, usually lobed: flowers 
552'. Ipomoea (seldom seen) 3 or 4, light purple, funnel-form, 1}^ in. long. 

Bona-Nox. Tropics; grown for its large edible root-tubers. 

2. cohv6lvulds. Bindweed. 

Herbs (or shrubs) twining or erect: flowers large, on axillary peduncles; 
sepals 5; corolla funiK^lfonn or boll-form, limb entire, 5-angled or 5-lobed; 
stamens inserted on corolla-tube, included; style 1; stigmas 2, long; ovary 
and pod 2-cellcd, 4-scedcd. 

C. sepium, Linn. Rutland beauty. Perennial: twining or trailing stem: 
leaves h<^art-shaped or arrow-shaped, auricl(‘s often toothed: flowers axil- 
lary and solitary on a peduncle; calyx with 2 large bracts at base, inclosing 
it; corolla morning-glory-like, white or pink, K-2 in. long, margin quite 
entire. Wild in low grounds. Summer. 

C. arvensis, Linn. Bindweed. Perennial, nearly glabrous, prostrate or 
climbing: leaves entire arrow-shaped, with basal ears acutci-lobed, but vari- 
able: calyx not bracted at base; corolla pink, nearly white, small, 
not over 1 in. long. Europe. Bad weed. May to September. 

3. COSCUTA. Dodder. 

Parasitic twiners without foliage (leaves reduced to scales): 
flowers in clusters, the calyx and corolla with 4-5 lobes: fruit 2- 
loculed, 4-seeded. 

C. Grondvii, Willd. (Fig. 553), is the commonest species, 
twining its slender coral-ycillow stems over coarse 
herbs in swales: corolla bell-shaped, the tube longer 
than the blunt and spreading lobes. 


XXXVIII. BORRAGINACEiE. Borage Family. 

Generally rough herbs, with round stems, leaves 
usually alternate and hairy, exstipulatc: inflores- 
cence commonly 1 -sided, in coiled temiinal racemes, 
straightening as flowers open; lobes of calyx 5: lobes 
of corolla 5, usually regular; stamens 5, on corolla- 
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tube; ovary deeply 4-lobed, with style iu render; stigmas 1 or "2: fruit 
usually 4 separate 1 -seeded nutlets at bottom of persistent calyx. 
About 1,500 species and 80 genera. 

A. Ovary entire, style terminal : fruit dry nutlets (2 or 4). 1. II diotr opium 
AA. Ovary deeply 4-parted, or 4-divided, the ..tyl'' rising 
from the center. 

B. C’orolla and stamens regular. 

c. T'^mits (nutlets) bur like, prickly or spiny. 

D. Nutlets ol)lic,u( , fixed by apex, or laterally, 

to style, covered all over by hook(^d i)ri( kles.2. Cynoglossum 
DD. Nutlets er(;et, fixed by base or side to the 
eexitral column: prickles in 1 or mote rows 


on the surface 3. Lavpula 

cc. Fruits (nutlets) not ari.io<l with prick L,s. 

D. Nutlets atiaeh(d latt'rally to thi receptacle: 

flowers rather larger 4. Mertersia 

DD. Nuth'ts attached by ba»cs to roeoptaele. 

E. Flowers not bracted, in racemes 5. Myonotis 

EE. Flowers bracted, in racemes b. Lithoap.rmum 

BB. Corolla irregular: stamens unequal 7. EcMuni 

1. HELIOTRdPIUM. Heliotrope. 


Perennial or annual herbs (or shrubs; with white or purplish, small 
flf)wer.s in 1 -sided spikes: flowers alternate, usually entire; stamens short, 
anthers nearly sessile; style short, with conical stigma; ovary 4-celled: 
fruit, 4 nutlets or two 2-ceIIed nutlets. 

H. peruviUnum, Linn. Common garden heliotrope. Pubescent or rough, 
often rather shrubby: leaves lance-ovate to oblong, short-pctioled, veiny 
and wrinkled: flowers very fragrant, white to lilac. 

2. cynoglOssum. Hound’s Tongue. Stick-tight. 

Tall, coarse, usually rough and unpleasantly scented hairy weeds, with 
large entire alternate leaves: flowers small, inconspicuous, in racemes or 
forked cymes, some bractejl; corolla short, nearly wheel form, with 5 con- 
verging, blunt scales closing the throat; ovar>' dfcply 4-parted, with styl(^ 
from center: fruit of bur-like nutlets, covered wdth hooked prickles. 

C. officinale, Linn. A coarse, pubescent, troublesome dock-like weed 
from Europe, dull green, smelling like mice, grows to 1 or 2 ft., leafy to 
the top: leaves softly pubescent, lance-oblong, mostly sessile: corolla dull 
reddish purple, not in. across: nutlets margined. Biennial. 

C. virgini&num, Linn. Stem stout, 2-3 ft. tall, bristly hairy, leafless 
above: leaves oblong oval with clasping bases: flowers pale blue, bractless, 
on short pedicels in terminal short spikes: nutlets not margined. Perennial. 

3. LAPPULA (Echinosp^rmum). Stick-seed. Bur-seed. 

Annual or biennial weeds in dry soils, grayish with hairs: leaves alter- 
nate, narrow, entire: flowers small, blue or white, in terminal, leafy-bracted 
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racemes: corolla with 5 scales in throat: nutlets erect, bearing 1-3 rows of 
stout prickles, and fixed by side to the central column. 

L. virgini^na, Lehm. A troublesome biennial or annual weed of thickets 
and open woods, 2-4 ft., slender and branching: leaves thin, oblong-ovate, 
tapering at both ends: flowers small, whitish or bluish, on pedicels, in 
racemes 1-3 in. long, reflexing in fruit: ilutlets small, globose, covered 
with barbed prickles. 

4. mert£nsia. Lungwort. 

Perennial, usually glabrous herbs, with leaves entire, pale green and 
often dotted, the radical ones many-veined and the stem-leaves sessile: 
flow^s in terminal racemes; calyx short, 5-cleft; corolla funnclform or 
trumpet-shape, often with 5 small folds in throat, 4ind stamens inserted 
between; style long and slender: nutlets erect, smooth, finely wrinkled. 

M. virgfnica, DC. Leaves entire, obovate, sessile on stem : flowers large, 
trumpet-shaped, 1 in. long, spreading or hanging on slender pedicels, light 
blue or pinkish; corolla-throat not crested, limb entire. Perennial. Rich 
soil. May, June. 

5. MYOSdTIS. Foroet-me-not. 

Low, usually villous herbs, with stems erect or reclining, branching: 
leaves small, alternate, entire: flowers small in bractless racemes; corolla 
salver-form, 5-lobed, lobes spreading, rounded with appendages at base: 
nutlets smooth or hard, fixed by base. Several species. 

M. scorpioides, Linn. (M. paluatris, With.). True forget-me-not, A 
favorite garden perennial introduced from Europe, but also escaped to field 
and moist spots: racemes 1-sidcd: leaves lanee-oblong, obtuse: calyx open in 
fniit, the lobes shorter than the tube: corolla light-blue, with yellow center. 

M. IkTtL, Lchin. Flowers smaller, paler, on long pedicels: calyx-lobes 
long: habit lax. Swamps. 

M. arv^nsis, Hoflm. Hairy: leaves lance-oblong, acute: calyx closing in 
fruit and beset with minutely hooked bristles. Fields, native. 

6. lithosp£smum. Cromwell. Puccoon. 

Hairy herbs with roots usually red: leaves alternate, entire: flowers in 
leafy-bracted racemes or spikes; calyx-segments 6, narrow; corolla funnel- 
or salver-form, 5-lobed, sometimes crested in throat; stamens 6, with short 
filaments, included on corolla-throat; stigma 2-lobed: nutlets 4, smooth 
or wrinkled, usually stony. 

L. arv6nse, Linn. Rough weed from Europe, &-12 in. : leaves small, lan- 
ceolate to linear: flowers insignificant: corolla white, hardly as long as calyx, 
without appendages in throat: nutlets roughly wrinkled, dull gray. 

L. Gm41inii, Hitchc. (L. hirtum, Lehm.). A rough, native perennial, with 
simple stem, 8 in. to 2 ft., on dry, sterile ground: leaves lanceolate or linear, 
hEury: flowers densely crowded in short terminal leafy racemes: corolla bright 
orange-yellow, showy, longer than calyx, with little appendages in throat, 
f^nd woolly. June. 



BOEEAGINACBiB - -HIT DROPHYLL /. CE^ 


416 


L. can^scens, Lehzii. Puccoon. Not so roi^gh as preceding, but hoary, 
6-18 in. high: flowers yellow axillary smaller and corolla-throat appendaged, 
but not bearded. Grows in open woodlands and fields, Canada to Alabama 
and West. 

7. fiCHIUM. Viptgr’s Buglosk 

Stout and coarse herbs: lea\es alternate, entire: fiowers rather large, 
usually blue or purplish, in sjjicate or paiiicled racemes; calyx-segments 5, 
narrow; corolla irregular, with 5 unequal loi^es, short-tubed, and throat not 
bearded; stamens 5, unequal, and long-exsertcd ; stigmas 2 or 2-lobed. 
nutlets 4, erect, rough-wrinkled. 

E. vulgire, Linn. Stems 1-3 ft. erect, leafy, very bristly hairy; leaves 
lanceolate, sessile on sfrm. 1-8 m. long: flowers bright purplish, chang- 
ing to bright blue in 1-sided spikes. Biennial; -.arly summer. Naturaliaed 
from Europe, and becoming a showy but troublesome weed in places. 


XXXIX. HYDROPHYLLACEiE. Waterleap Family 

Mostly hirsute or scabrous herbs, with good-sized mostly alter- 
nate, simple or compound leaves: flowers regular, 5-partod, in l-sided 
cymes, spikes or racemes; ovary superior, 1 -celled, with 2 parietal 
placentae, or apparently 2-celled; styles 2 or 2-cleft: capsule usually 
loculicidally 2-valved. Nearly 200 species, but only 1 genus frequent 
in northeastern states. 

HYDROPHtLLUM. Waterleap. 

Perennial, usually found in rich, low woods: leaves large, petioled: 
cymes more or less coiled ; calyx often with small apper dages at the notches 
of the lobes; corolla bell-shape, 5-cleft, usually convoluted in bud and bear- 
ing 5 folds or scales inside the tube; style and stamens (with hairy filaments) 
projecting. In shady places, these interesting plants make heavy masses 
of foliage. 

H. macroph^llum, Nutt. A hoary-hairy plant, about 1 ft. tall, branching: 
leaves pinnately cut: flower-cluster on long stout peduncle: corolla white 
or bluish, about 1 in. across: sepals not appendaged at base: stamens longer 
than corolla. 

H. appendiculUtum, Michx. Hairy, 1-1 H ft. tall: leaves large, mostly 
6-lobed or angled, some of the lower ones pinnately parted: flower clusters 
loose; corolla blue; sepals appendaged at bases, bristly hairy, stamens not 
much if any longer than corolla. 

H. canadense, Linn. About 1 ft. high, smoothish: leaves all rounded, 
with 6-9 shallow lobes, and heart-shaped bases, or with small leaflets on the 
petioles: corolla white or purplish. H. virginicum, Linn., is closely allied, 
but has pinnately divided leaves. 
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XL. POLEMONlACEiE. Phlox Family. 

Herbs, mostly annuals or perennials: flowers regular, in terminal 
clusters, 5-part ed, with corolla monopetalous; stamens on corolla- 
tube, alternate with lobes; ovary 3-celled; style simple and 3-lobed: 
capsule 3-cellcd, with 3, mostly loculicidal, valves. About 200 species 
in several genera. Phlox is the leading genus. 

A. Leaves entin;, mostly opposite: stamens unequally in- 
serted on tube of the corolla 1. Phlox 

AA. I^eaves piniiately compound, alternate: stamens equally 

inserted on the corolla-tube 2. Polemonium 

1. PHL6X. Fig. 241. 

Erect or diffuse herbs, stems leafy: leaves without stipules, entire, 
mostly sessile, opposite, or alternate above: flowers of different colors, in 
terminal clusters; corolla salver-form, tube lonp; stamens 5, unequal, 
included in tube. P. Drummondii is annual; the others perennial. 

P. paniculita. Linn. Stems 2- 4 ft. high, usually stout and in clumps: 
leaves ovate-lanceolate, or oblong: flowers on short pediccds in many-flow- 
ered i)anicled cymes, terminal, white to various pinks and reds; calyx-teeth 
sharp-pointed; lobes of corolla rounded and entire. 

P. maculdta, Linn. One to 2 ft high; stem si)otted with purple: lower 
leaves the heavier, lanceolate-liiK'.ar; upper taper-] )oin ted with a heart- 
shaped sessile base: i)anicle (dongab'd, pyramidal, of many innk-purple 
flowers; calyx-teeth less iK)inted than in ])rec(‘ding: corolla-lobes entire. 
All summer. This and the i)recediiig species art* the originals of the common 
I>(‘rej)nial /diloxe.s of gardens. 

P. divariedta, Linn. Ascending or diffuse to 1 ft., or more, terminating 
in loose corymb, rather sticky-pubescent: leaves ovate-oblong or broad-lan- 
ceolate, rounded at base, acute at tip, sessile, imbescent: corolla large, gray- 
ish blue or lilac, tin* lobes notched; calyx-teeth slender and longer than 
tube. Moist woods. Spring. 

P. subulita, Linn. Ground or moss pink. Stems creeping, tufted, much 
branched and leafy, forming a moss-like carpet over the ground; leaves 
about Yi in. long, rigid, linear to awl-shaped, spreading in clusters: flowers 
3-0 in depressed clusters, white to pinkish-purple; lobes of corolla shorter 
than tube. Spring. 

P. Driiinmdndii, Hook. From Texas, now the common annual phlox in 
gardens: stems branching, spreading, about 1 ft. high, rather downy-clammy: 
flowers showy, in corymbs; various colors and patterns on the corolla and 
lobes variously notched. 

2. POLEMdNIUM. 

Perennial herbs, with alternate pinnately compound leaves: calyx com- 
T)anulate, segments erect over fruit; corolla bell-form or rotate; stamens 
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slender, declined, hairy st base, insoiled on corolla base. The following 
native perennials aie often cultivated. 

P. r^ptans, Linn. Greek valerian. Stems rather weak, diffusely Iwaach- 
iiig (not creeping), (i in. to ft.: loata*,-; smooth, of 7-13 leaflets, occa- 
sionally a simph'. one; leaflels lance-ovalc or ol'tlong. about 1 in. long, with 
entire margin.': flowers noddin;^, light blue ooioM.a 3 times as long as 
calyx, not over broad. 

P, Van Brflntiaj, Brit. Jacob's ladder. Tall, erc^t to 1-3 ft , smooth or 
liairy: ieaflots 9-17, Isnreolate, irowded: flowers bright blue, in erect 
long panicles; stamens and style loiigei than corolla-lobes; corolla 1 in, 
broad. 


XTJ. GKNTIA!>1ACEJ5. Genti/n Family. 

Gt nerally smooth herbs, with bitter, colorless juice (tonic proper- 
ties): entire leaves mostly opposite, sessile and wi'^hout stipules: 
flowers regular, solitary or in clusters; calyx persistent* corolla rnono- 
petalous, witli 4 S-lohed margin, and with 4-8 stamens, inserted 
on tube: capsule 2-valved, many-.seeded. Some (UK) species, many 
very showy. 

gentiAna. Gentian. 

Herbs in low woods and damp grounds, flowering mostly in autumn; 
flowers solitary or in <‘histcrs and showy, usually blue; corolla tubular, 
lobes 4-7, open or closc'd, some having a Tncrnhranoiis fold in each of the 
notches of the limb; stanKais 4 7: style short or wanting. 

G. crinita, Fra*l. Fringed gentian. Annual, in moist soil, blooming in 
September and October: distinguished bytb<‘ beautiful flowers, solitary and 
terminal on er<‘ct stems (stems alx>ut 1 ft. tall), T)ur<* blue, l}^-2 in. long, 
funnelform, with 4 spreading lobess, having the margins <*ut into a fringe 
all around: leaves clear green, lanceolate, acute, ses^-ile. 

G. procera, Holm. Similar to the preceding, but smalbjr and corolla 
loss fringed: leaves linear. 

G. Andrewsii, (^riseb. (Uosed gentian. Pereni ial: stems simple, smooth, 
to about lb 2~2 ft.: leaves ovat'^- to lanceolate, with narrow base: flowers 
in terminal, sessile eIu.st(Ts: corolla blue with notched folds or appendages 
on the margin, never opening. 


XLII. ASCLEPIADACE^. Milkweed Family. 

Perennial herbs or shrubs, often vines, with milky juice: leaves 
opposite or sometimes whoricd, cxslipulate: flowers generally in umbels, 
regular and 5-parted, but very peculiar in the structure and connection 
of stamens, stigma and pollen: hood-like appendages are home be- 
hind the anthers, forming a corona about the stigma; stamens 5 with 

AA 
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very short filaments, and mostly monadelphous; the anthers press 
against the fleshy 5-angled stigma, and the pollen coheres in waxy or 
granular masses, 1 or 2 to each anther-sac: fruit of 1 or 2 follicles: 
seeds bearing long silk (Fig. 303). About 2,000 species and 200 genera. 

ASCLtPIAS. Milkweed. Silkweed. 

Erect perennial herbs, with mostly opposite, thick simple leaves and 
flowers in simple umbels: calyx and corolla each with 5 lobes, bent down- 
ward, leaving the crown of 5 hood-like appendages, each bearing a horn, 
conspicuously surrounding the stamens; filaments generally united, and 
the anthers adherent to the fleshy stigma; anther 2-celled and each cell con- 
taining a firm, waxy, elongated mass of pollen; adjacent pairs of the pollen- 
masses are connected and suspended from one of 5 glands resembling a pair 
of saddle-bags. The flower is peculiarly adapted to insect-pollination, the 
pollen-masses being carried on the feet of insects. 

A. tuberdsa, Linn. Butterfly weed. Pleurisy root. About 2 ft., with most 
conspicuous erect clusters of brilliant orange flowers: leaves irregularly scat- 
tered on stems, or alternate, linear or lance-oblong, hairy, sessile: pods 
nearly erect, finely pubescent. Dry fields and hillsides. Summer. 

A. incarn&ta, Linn. Swamp milkweed. Fig. 271. A handsome milk- 
weed of wet grounds: stems leafy, 2-5 ft.: leaves lanceolate or lance-oblong, 
acuminate, rather smooth, opposite: flowers rose-color(‘d to white, sweet- 
scented, in somewhat paniculate umbels: follicles erc(?t, smooth. 

A. syriaca, Linn. (A. Corniiti, Decne.). Common milkweed. Fig. 303. 
Steins 3-4 ft. high, stout, very milky, usually simple, leafy: leaves large, 
oblong, downy beneath, stiff, 4-8 in. long, opposite, short-petioled : flowers 
^ in. long, greenish-lavender to lavender, with strong, sweet, but unpleasant 
odor: pods rough or warty. 

A. purpuriscens, Linn. Purple milkweed. Stems erect, 1-3 ft., leafy, 
simple or branching: leaves oblong or ovate-oblong to elliptical, pointed, 
short-petioled, 3-6 in. long: flowers large (1^ in.), dull imrple: pods smooth. 

A. vaxiegAta, Linn. Steins simple, smooth, leafy: heaves oval to lance- 
oval, opijosite or whorled, ])etioled, pale beneath, umbt’ils on downy pedun- 
cles: corolla white, hoods roundish, sometimes purplish. Dry woods. 

A. quadrifdlia, Jacq. Stem 1-2 ft,, nearly smooth, and leafy below: 
1 or 2 whorls of 4-ovate, taper-pointed, petioled leaves near middle and 
above or below a pair of smaller ones: umbels few, loose-flowered; flowers 
small, crown white; corolla white, tinged with pink. Slender. 


XLIII. APOCYNACE^. Dogbane Family. • 

Herbs and woody plants, some of the commoner ones resembling 
milkweeds, in having milky, acrid juice, and seeds crested with silky 
hairs, but filaments distinct, pollen granular, and corolla twisted 
(rather than volvate) in the bud: hairs; leaves chiefly opposite, entire, 
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simple, without stipulas: flowers regular ar.d monopetalous, solitary 
or in cymes, 5-paited; ovary of 2 free carpels; stigmas united. About 
1,000 species and 120 genera. 

A. Herbs erect ; flowers in terminal cymies. oj- <-.:r>Tnbs 1. Apocynum 

AA. Half shrubby, trailinK or ^rect plants: Aiowers sf litary in 

axils 2. Vinca 

AAA. Cultivated house and gaiden shrubs: erect: leaves oppo- 
site, or whorled in. -S’s 3. Nerium 

1. APdCYNUM. Dogbane. 

Upright branching licrbs, with reddish, fibroids Itark: flowers small, 
whit(^ r>r pink, in terminal errymbs: leaves opposite, entire, acuminate: 
corolla, bell-shaped, .-lobed, with 5 small, triangular scale-appendages 
within the tul)e, each aiteniating with one of the 5 stamens attached at 
base of tube; ovaruis 2, distinct; stigma 2-lobed; pods long, slender and 
full of seeds which are tufted v ith silky hairs at one end. 

A. androscemifdlium, Linn. Smooth plants, 2-4 or 5 ft. tall, with 
branches w-idely spreading; ctimis usually lairplish: leaves 2-4 in. long, 
ovate-acute, short-petioled : corolla small, ui. long, bell-form, with lobes 
spreading or recurving, the tube exceeding the calyx. A very common 
weed along hedge-rows, in light woodlands and clearings. 

A. cannabinum, Linn. Indian hemp. More erect: leaves oblong or 
oblong-ovate: flowers cToct, with the eorolla-Iobcs scarcely spreading, the 
tube about the length of the calyx. Banks and shores. 

2. ViHCA. Periwinkle. 

Herbs, creeping or erect, and more or less woody: leaves mostly ever- 
green and opposite: flowers solitary, axillary, 5-parted; stylo 1; follicles 2, 
erect, slender. 

V. minor, Linn. Periwinkle. Myrtle (improperly). A familiar trailing 
plant of the garden, lawns and cemeteries, growing in shady places, and 
spreading by creeping stcm.s: leaves evergreen, oblong-ovate, shiny: flowers 
solitary in axils, blue (rarely white), the corolla salvor-form, about 1 in. 
across. Spring and early summer. 

V. rdsea, Linn. Erect, often 20-30 in. high, rather woody at base: 
leaves ovate, obtuse, on long petioles: flowers large, on slender axillary 
pedicels, white, white with rose eye, or plain rose-color; blooming all season 
when grown in the house or conservatory, or all summer in the garden. 
Tropics. 

3. NERIUM. Oleander. 

Shrubs from warm climates, much cultivated in windows and green- 
houses: leaves lanceolate, leathery and stiff: flowers in terminal cymes, 
white or pink, single or double; corolla large, 1-2 in., salver-form, the 
throat bearing 5 fringed or toothed scales; ovary of 2 carpels; stamens 5, 
the anthers tipped with awn-like bristles. 
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N, Ole&nder, Linn. Common oUandcr. Leaves lanceolate: flowers large, 
rose-color or white, not fragrant, with crown segments not fringed. 

N. oddrum, Soland. Sweet oleander. Flower fragrant, and bearing 
Ctown segments which are more fringed, and long anther appendages. 


XTJV. OLEACEiE. Olive Family. 

Trees or shrubs: leav(’.s simple or pinnately compound, opposite: 
flowers various, but regular; calyx free from ovary, usually small and 
4-lobed, or none; corolla regular, 4-partcd, or of 4 distinct petals, or 
none; stamens 2, with separate filaments inserted on petals, or hypogy- 
nous: ovary 2-cellcd; style 1, if any. 

A. Shrubs or very small trc(?s: leaves simple: flowers perf<*ct. 


B. Flowers yellow 1. Forsythia 

BB. Flowers white; e)r lilac. 

c. Fruit a dry pod, loculicidal 2. Syringa 

cc. Fruit berry-like. 

D. Flowers practically polypc'talous; p(;tals long, 

narrow; flowers drooping •!. Chionanthua 

Di). Flow(;rs ganiopetalous; corolla-tube ftiiiia;!- 

form, 4-lobed; flowers erect 4. Ligustrum 

AA. Large forest trees: leavc*s pinnately compound: flowers 

imperfect, mostly dioecious: fruit a samara 5. Fraxinua 


1. FORStTHIA. 

Ornamental shrubs from the Orient, with opposite simple or trifoliolate 
leaves: flowers perfect, the deciduous calyx and the bell-shaped corolla in 4 
parts; stamens 2 on base of corolla; style short: pod 2-celled, many-seeded. 

F. viridissima, Lindl. Strong hardy shrul), with green branches covered 
with showy yellow flowers, sejiarate on pedicels in early spring before 
leaves appear: leaves simple, lance-oblong: (^orolla-lobes narrow-oblong and 
spreading; style twice as long as stamens. 

F. susp^nsa, Vahl. Branches slender and drooping: corolla-lobes larger 
and more spreading and style shorter than in preceding: leaves simple, 
broadly-ovate, also frequently trifoliolate on same bush. 

2. SYRfNGA. Lilac. 

Common ornamental shrubs, usually tall, with leaves simple, entire, 
opposite: many small fragrant flowers in close terminal panicles or thyrses; 
calyx 4-toothed; corolla salver-form, tube long; limb 4-lobed; stamens 2, on 
summit of corolla-tube: fruit a 4-seeded flattened pod, 2-valved; seeds flat- 
tened, somewhat w inged or margined. No native species. The name Syringa 
is sometimes popularly applied to Philadelphus. 

S. Yulgiris, Linn, Common lilac. Fig. 72. Well-known bushy shrub from 
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eastern Europe: flowers purp]e, lilac to white, iii dense upright thj rses. very 
fragrant: leaves hear^-shaped, entire, smooth 

S. persica, Linn. Pirsiart lilac, busby ana more slender than 

the common liH.c: leaves lance-o-vate, the bases tapering: and pale lilac 
or white flowers in loose clusters aj-'pearing lM,Uir. 

3. CHIONANTHUS. Eiujjoe-trek. 

Shrub or small rree with oppc^dte, simide, entire, petioled leaves: flowers 
in large loohc axillarj r.ither drooping panicles; calyx small, persistent; 
corolla whit(!, with v loiig, narrow petals, scarcely united at base; stuniens 
2-4, but scarcely adherent to corolla base: drupe ufually l-seeded. A hand- 
son»-‘ bush. 

C. virginica, Lif> Njdive to moist southern woods, but cultivated 
for orjiament: leaves ova! to * hloiig, 3-5 hi. long: panicles with some leafy 
bracts; flowers con.siii(mf)US, in spring, appearing with leaves; petals 1 in. 
long. 

4. LIGtSTRUM. IblTVET. PilTM. 

Stiff shrubs or very small trees: leaves simple, entire, firm and thickish, 
short-pet ioled, opiiositc; flowc'rs small, white, in terminal thyraes or pan- 
icles: calyx small, iiiiiiuti^ly tootiiiid or truncate; corolla funnelfomi, 4-lobed, 
spreading; stamens 2, inserted on corolla-tube; ovary 2-cellcd: fruit a 
1-4-seeded, black berry. 

L. vulg4re, Linn. Ii(^avcs tliick. elliptic-lanceolate, abundant, persistent, 
but deciduous: flowers bj in. wide and white; calyx smooth: berries black. 
Eastern Europe. Used mostly for hedges. 

6. FRAXIHUS. Ash. Firs. 92. 141. 

Decudiious tnM*, sonu^ of them v'ahiable. for lin.iber: leaves odd-pinnate, 
petiolate: flowers siiuill, insigiiifi(!a.iit, dia*<uons (polygamous in some species), 
racemed or panichid — the American species apetalous, appearing bf^fore or 
with the leav<!s; (talyx 4-toothed, small, soldonj wanting; stigma 2-cleft: 
fruit a flat 1- (or 2-) celled k(‘.y, wing(jd. Sc^veral species are native in 
North America. 

F. americina, Linn, White- ash. Forest tree, 40-80 ft., with rough, 
blackish bark, and gray, smooth branches: h*aflets 5-9, ovate t>r lance-oblong 
and acuminate, entire or si)ariiigly serrate, pale or downy beneath, smooth 
above, the lateral leaflets stalkcid: flow(?rs mostly direcious, apetalous; calyx 
present in fertile flowers, and ptjrsistent: fruit with lanceolate wing at apex, 
base nearly cylindrical, the ki\v 13^-2 in. long. 

F, pennsylvixiica, Marsh. Hed ash. A smalU^r tree than the white ash: 
young shoots and leaf petioles and lower leaf surfaces velvety-pubescent: 
calyx persistent on fertile flowers: fruit narrow, flattened at base, the edges 
dilated into the oblanceolate wing. 

F. exc61sior, Linn. European ash, often planted: leaflets 9-13, ovate- 
lanceolate or oblong, acute, serrate: fruit oblong, often notched at end. 
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XLV. PRIMULACEJE. Primrose Family. 

Low herbs with leaves radical or opposite: flowers perfect, reg- 
ular, 5-parted, monopetalous; stamens 5, inserted in corolla-tube, each 
opposite a lobe; style and stigma 1; ovary 1-celled, superior, with 
3 central placentae. About 300 species in some 25 genera. 


A. Plants with all leaves basal : flowers on a scape. 

B. Corolla-lobes spreading 1. Primvla 

BB. Corolla-lobes reflcxed. 

c. Several flowers on the scape; stamens protruding. . .2. Dodecaiheon 

cc. One flower on th(‘ scape; stamens included. 3. Cyclamen 

AA. Plants with leafy stems 4. Lysimachia 


1. PRIMULA. Primrose. Cowslip (of England). Auricula. 

Low perennials herbs, with radical leaves: flowers in an involucrate 
umbel in most species, terminal on a scape; calyx 5-cleft; corolla salver- 
shaped, with 5 si)reading lobes, entire or notched; stamens 5, with short 
filaments included in corolla-tube, often of different lengths: capsules 
ovoid, opening by valves or teeth at the top. Native species rare, but a 
number of exotic primroses are much cultivated. 

P. sinensis, Sabine. Downy greenhouse plant: flowers in umbels, large 
and showy, of different colors, single or double; calyx large and inflated: 
leaves cordate, 7-9-lobed, on long petioles. China. 

P. obc6nica, Hanco. Leaves ovate-cordate: scapes a foot high, bearing 
pink, purplish or whitish flow(Ts in large clust(*rs, the petals obconical and 
notched at the end; tube twice, longer than the; shallow-spreading calyx. 
The hairs on this plant are poisonous to some persons. Greenhouses. China. 

P. F6rbesi, Franch. Bahy primrose. Scapes many and very slender, 
6-12 in., loosely hairy, bearing small lilac or rose flowers in successive 
whorls on slender pedicels: leaves small and crowded at the crown, oblong, 
somewhat sinuate-toothed. Greenhouses. China. 

P. Poly&ntha, Hurt. Polyanihus. Hardy primulas, grown in borders for 
the early spring bloom, of hybrid origin: leaves upright, oblong, tapering into 
a winged petiole, shallowly toothed, rugose beneath: flowers not much over- 
topping the leaves, tubular, with spreading limb, in shades of yellow and red. 

2. DODECATHEON. 

Smooth perennial herbs: heaves radical, simple, oblong or spatulate: 
flowers nodding in a terminal umbel on erect, unbranching, leafless scapes, 
with involucres of small bracts; calyx 6-cleft, lol>es reflexed; corolla-tube 
very short, 5-parted, and the segments strongly reflexed; stamens 5, with 
short filaments, united at base, the anthers long, acute and uniting at tip, 
forming a cone; style exserted. 

D. Meftdia, Linn. Shooting star. Wild in open woodland in central 
states and South and West; also cultivated; resembles Cyclamen in the flow- 
ers, which are white or rose-purple, nodding on slender pedicels; scape 6 in. 
to 2 ft. high. 
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3. CtCLAMEN. 

Glabrous plants from fleshy corm: leaves all basal, rounded, cordate or 
ovate: scapes bewaring (each) one nodding flower; corolla-limb 6-parted, 
lobes turning back; antliers 5, ses»-ile, not exEertea. Cultivated as nouse 
plants, flowering in winter. 

C. latifdlium, Sibth. & 810. (C. p^sicum). Leaves ovate, crenate>den* 
tate, thick, often marktjd with wnite: flowers .arge, white, rose or purple, 
sometimes spotted, oblong. The florists* cyclan'en. 

4. LYSIMACHIA. JiOvfSlt,H':’RIFE. 

Perennials with lea'^ es opposite or* v^horled, entire, often glandular- 
dotted: flowers yellow, solitary in axils, or panicked; calyx 5--7-parted; 
corolla wheel-form; peiaLs 5-7. nearly distinct; stamens 5-7, the filaments 
somewhat connate at jiase. Wild in low grounds. 

L. vulgHris, Linn. KnMit, ft., dow'ny: leaves d or 4 in a whorl: flowers 
in terminal leafy panicles; corolla-lobes glabrous. Europe. Cultivated 
and escaped. 

L. quadrifdlia, Linn. Erect, 1-2 ft., hairy: leaves lanceolate-ovate, ses- 
sile, dotted, comnionb' 4 in a w'horl: flowers yellow, with dart lines, on 
slender pedicels, solitary from axils of upper leaves. Damp soil. 

L. nummuUria, Linn. Moneywort. Trailing glabrous perennial: leaves 
round, opposite., on short petioles: flowers pure yellow, axillary solitary, on 
short peduncles; stamen filaments glandular, connate at base. Running wild 
in moist places, often a weed in lawns. 


XLVI. ERICACEAE. Heath Family. 

Plants of various kinds, many of them shrubs or shrubby herbs, 
some trees, perennial herbs, and parasites: leaves simple and often 
evergreen, or seale-like: flowers most perfect; eorolla usually mono- 
petalous and 4- or 5-cleft; stamens hypogynous, as many or twice 
as many as petals, anthers usually opening by terminal pores; style 
1; ovary generally as many celled as corolla has lobes. A large family, 
represented by heaths, craubf^rry, azaleas, arbutus, laurel. 


A. Shrubs, or creeping shrubby plants. 

B. Ovary inferior: fruit a beny'. 

c. Berry 10-seeded 1. Gaylusaada 

cc. Berry many-seeded 2. Vaednium 

BB. Ovary superior. 

C. Low creeping or procumbent. 

D. Fruit berry-like: leaves aromatic 3. OauUheria 

DD. Fruit dry 4. Epigaa 

GO. Shrubs, erect. 

E. Corolla broadly open, with 10 little pouches 

holding the anthers. . 5. Kalmia 
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EE. Corolla bell-shaped, no pockets: flowers from 

terminal, scaly buds 6. Azalea 

AA. Parasitic herbs, destitute of green foliage, about the 

roots of trees 7. Monotropa 

1. GAYLUSSACIA. Low-bush Huckleberry. 

Shrubs, low and branching, leaves and branches sometimes with resinous 
dots: leaves alternate, entire or serrate: flowers in lateral racemes, small, 
white or pink, nodding on bracted pediccds, in late spring; corolla bell-like 
or ovoid, with 5 lobes erect or n^flexing; stamens 10, usually included; 
ovary 10-celled: fruit berry-like, containing 10 little stones, blue or black, 
sweet and edible, ripe in late summer. 

G. haceftta, C. Koch. High-land huckleberry. Shrub, 1-3 ft., with 
stiff branches and dticiduous entire oval leaves, sprinkled with resinous 
dots: flowers, in 1-sided racemes; corolla white, tinged with pink, cylindrical 
or somewhat 5-angled, and contracted at margin : berry black, not glaucous. 

G. frondosa, Torr. <fe Gray. Tangle-berry. Shrub, 1-3 ft., with stiff spread- 
ing branches: leaves oblong to obovat<s thin, smooth and pahi below, 
resinous-dotted; corolla white, tinged with pink, short: berry large, dark 
blue, with a bloom. 

2. VACCfNIUM. Blueberry. Cranberry. Bilberry. High-bush 

Huckleberry. 

Shrubs much restmibling Gaylussacia, but the ovary only 4-5-celled, 
although apiiearing to have twice as many cells l)y false j^artitions: fruit a 
many-seeded berry, generally edible. Fruit ripe? in summer and autumn. 

V. pennsylv&nicum, Lam. Dwarf early blueberry. Shrub, 0-20 in., 
with smooth green warty branches: leaves deciduous, lance-oblong, smooth 
and glossy, but edges serrated and tipped with little bristly siiines: flowers 
in clusters, with corolla cylindrical, whittj or pink-tinged, 5-toothed; anthers 
10, included: berry many-seeded, blue-black with a bloom, edible. 

V. corymbdsum, Linn. High-bush, or swamp, huckleberry. Blueberry. 
Tall bush, with oblong or elliptic^al leaves: berries blue, sweet, usually 
with a thick bloom. 

V. macroc&rpon. Ait. Cranhemj. Creeping, slender, scarcely woody: 
leaves small, about 3^ in. long, evergreen, oval or oblong and margins 
rolled: flowers solitary, on slender erect pedicels, pale pinkish, deeper 
colored within, with 4 narrow reflexed segments. 

3. GAULTHi^RIA. Wintergreen. Checkerbbrry. 

Stems procumbent, with leafy branches erect: leaves alternate, evergreen 
and tasting 8i)icy and aromatic: flowc'rs white or pink, nodding on axillary 
pedicfcls; corolla oblong or short-cylindrical with 5 short lobes; anthers 10, 
awned at top: fruit berry-like, with capsule inside the thickened calyx. 

G. proeflmbens, Linn. Fig. 22. Leaves oval or obovate, much sought for 
their spicy flavor, as well as the edible red, mealy berries, which last all 
winter. In low and evergreen woods, 6 in. or less tall. 



ERICACEiE 


425 


4. EPIG^A. Traili]\j Arbdtus. MaItflow'se. 

Trailing close to the ground, with rusty-haii^ stems, and titemate 
evergreen rounded leathery leaves: flowers diinori>hous, in clusters at * Jids 
of branches, bracted, sessile; sepals 5, pers’st lu but siui’ 3-like; corolla salver- 
form, with 5 lobes .itamens 10; ovar>' 5-lobed. 

E. ripens, Linn. A favorite flower of very early sp-ing, white to pink, 
i /2 in* broad, spiry-scoTitod and wax-like, in sma^ clusters from axils of the 
rusty leaves. Mostly North 

6. KALMIA. American L\urel. 

Shrubs, native (belonging to East and South), with e.itire evergreen 
leaves: flow«3rs in ninljols; corolla open, saucer-like, 5-anglcd with 10 little 
pits ill which the anthcTs of the 10 stamens arc caught until mature or 
distui b(‘d by insi'ctvs, w’.oti tin < iir''^ed filaments spring upward, discharging 
the i>ollen; style long and &li*nd( \ 

K. Iatif61ia, Linn, ('ommop mountain laurel. Stout shrub, 4-20 ft., 
often forming great patches on wild or rocky hillsides; aiso cultivated: 
flowers about 1 in. across, rosy, or white, and red-spotted, in terminal com- 
pound corymbs: leaves mostly alternate, thick, acute, green on both sides, 
lance-ovatc: blooms in early summer. East and North. 

K. angustifdlia, Linn. Sheep laurel. Lambkill. Low shrub with flowers 
about in. across, crimson or purplish, in lateral corymbs: leaves narrov/, 
obtuse, short-petiolcd, opposite or in 3’s, pale beneath. Hillsides. 

6. AZALEA. Fig. 220. 

Shrubs, with deciduous heaves: flowers showy, in terminal, umbel-like 
clusters; calyx minute, h-jiarted; corolla cyliridrieal-tub(3d; stamens usually 
5; style long, slender, exscrt(*d. Rhododendron is closely allied, having ever- 
green leaves, stamens usually 10, stamens and style usually not exserted. 

A. viscosa, Linn. Swamp honcystickle. Stems 4-10 ft., branching: 
leaves obovate, short-pctiolcd, mostly smooth above and downy on under 
veins: flowers in summer after the leaves, fragrant white, 1-2 in. long, 
with slender tubes rather sticky-(3oated, the tube longer than the lobes. A 
swamp plant. 

A. nudifldra, Linn. Pinxter flower. Shrub, 3~6 ft., in swamps: flowers 
before or with leav(\s, rose-pink or white, fragrant, 1-2 in. across, the tube 
about the length of the lobes. 

Rhoddra canadense, Linn., or Rhododendron Rhoddra, Don, of New 
England, is a low shrub, 2-3 ft., with fine large (1 in. wide) rose- colored 
flowers appearing before leaves. 

7. M0N6TR0PA. Indian Pipe. Pine-sap. 

Low herbs, parasitic on roots or saprophytic, no green about thorn, but 
stem bearing small scales: flowers solitary or in racemes; sepals 2, bract-like; 
petals 4 or 5, erect or spreading, wedge-shaped; stamens 8-10, hypogynous; 
anthers kidney -shaped ; ovary 4-5-cclled, stigma radiate or disk-like. 

M. unifldra, Linn. Indian pipe. Corpse plant. Odd fleshy waxy- 
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white little plants, turning black when drying: stem, 3~6 in. high, bent 
over at the top with one nodding terminal flower. 

M. HypdpitySf Linn. Pine-sap, In oak and pine woods: stems scaly, 
white or tawny red, 4-8 in. high, single or in groups: flowers several, small, 
rather fragrant, in a scaly raceme. 


XLVII. RUBIACE.®. Madder Family. 

A large and important family of herbs, shrubs, trees (including 
cinchona or Peruvian bark, and coffee): leaves opposite, or in 3’s 
with fetipules between, or apparently whorled without stipules: flow- 
ers perfect, sometimes dimorphous (of 2 sorts) or trimorphous; 
calyx-tube adherent to ovary, margin 3-6-toothed; corolla regular, 
inserted on calyx-tube, and of same number of lobes; stamens of equal 
number as corolla-lobes and alternate with them; ovary 1-10- 
celled: fruit a capsule, berry or drupe. A large family (some 5,000 


species), largely tropical. 

A. Leaves 4-8 in a whorl: no apparent stipules: fruit 2 

nutlets, bur-like, or sometimes berry-like 1. Galium 

AA. Leaves opposite (or whorled), with stipules. 

B. Flowers in pairs, axillary: fruit a double berry: 

creeping • 2. Mitchella 

BB. Flowers solitary, or in terminal clusters: not creeping.3. Houstonia 
BBB. Flowers in round heads 4. Cephalanthua 


1. oAlium. Cleavers. Bedstraw. 

Frail herbs, with square stems, often prickly or rough on angles and edges 
of leaves, usually diffusely branching: leaves apparently whorled and with- 
out stipules: flowers small or minute, sometimes dioecious, in cymes or 
panicles, axillary or terminal; calyx minutely 4-lobed; corolla 3-4-lobed: 
stamens 3-4; ovary 2-celled: fruit small, double, dry or fleshy, berry-like, 
indehiscent, or sometimes with only 1 carpel ripening. Many species. 

G. aspr611um, Michx. Weak, reclining, or nearly erect branching 
perennial, the angles of stems with backward-pointing prickles: leaves 
small, not 1 in. long, whorled in 4’s or 5’s on branches, usually 6 on stem; 
edges and mid-ribs rough with prickles: flowers tiny, white, numerous, 
loosely clustered at end of branches: fruit small, smooth. 

G. circadzans, Michx. Wild licorice. Perennial, branching, ascending 
stems with leaves in 4*8, not prickly: leaves oval to oblong, obtuse, more 
or less pubescent, an inch or more long: flowers dull greenish or brownish, 
on very short pedicels in branched cymes; fruit on reflexed pedicels, bristly: 
root and leaves with sweetish taste. Dry woods. Common. 

G. Aparlne, Linn. Cleavers. Goose-grass. Annual, stems weak, pros- 
trate, scrambling, and diffuse, with backward-pointing barbs on angles: 
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small lanceolate leavco, f>-8 iii a whorl, about in, long, rough on edges 
and midrib: peduncles axillary, 1-3-flowored; Sowers tiny, white or 
greenish: fruit a dry little bur, covered with hooked prickles, on erect pedi- 
cels. Low ground or thiclcely woodland. 

2. MITCHlLLA. Pariiupoe-bfrry. Squaw -vime. 

Trailing, cvergrcen-haved herbs: leaves c;,^posite, round-ovate, dark 
green, smooth and glossy, (uitiro, on short petioles: flowers small, dimorphous, 
in pairs, c n u double ovary (2 ovaries united^ from leaf-axils; corolla funnel- 
form, 4-parted, bearded within, white with pink tips to lobes; stamens and 
stigmas 4: fruit a double scarlet berry, with 4 seeds oi stones. 

M. ripens, Linn. A pretty little creeper of wood' in the North: flowers 
fragrant and delicate, in June, the double scarlet berries found all winter. 

3. HOUST6NIA. LiAjETS. 

Lf)w, delicate little herbs, with stems erect, simple or branching: leaves 
opposite, entire; stipules entire ind short, or a n.orc line connecting bases 
of the opposite leaves: floweni gcucrally dimorphous in respect to anthers 
and stigmas, small, solitary or clustercid; calyx 4-toothcd; corolla tubular, 
rotate, 4-lobed; stamens 4 on corolla: fruit a short pod, 2-cell<"d, many- 
seeded, opening at the top, upper part free from calyx. 

H. cserulea, Linn. Perennial, 3- 6 in., the stems erect, very slender, in 
tufts, from slender rootstocks: leaves sessile, oblong or spatulate, iu. 

long, often hairy: flowers blue to white, with yellow centers, solitary on 
peduncle. Early spring to summer, very floriferous, 

4. cephalAnthus. Buti’on-bush. 

Shrubs (or small trees): leaves entire, opposite or verticillate: flowers 
small and many, white or yellow, in close round heads, on peduncles; calyx 
4-toothed; corolla tubular, with 4 short lobes; stamens 4 on corolla throat; 
style long and exserted; fruit small, dry, inversely i>yrainidal. 

C. occident&lis, Linn. Tall shrub with leaves in 2’s or 3’s, oval-pointed, 
petioled, with Btix)u]es between: heads of whitish flowers about 1 in. in 
diameter. Usually along streams and pond banks. 

XLVIII. CAPRIFOLlACEiE. Honeysuckle Family. 

Erect or twining shrubs, or sometimes herbs, with opposite mostly 
simple leaves: flowers epigynous, 5-merous, regular or irregular, 
tubular or rotate; stamens usually as many as the lobes of the corolla 
and inserted on its tube; ovary 2-5-loculed, ripening into a berry, 
drupe, or capsule. About 15 genera and 200 species. Characteristic plants 
are honeysuckle, elder, viburnum, snowberry, weigela, twin-flower. 

A. Corolla long-tubular. 

B. Fruit a berry (often 2 together) several-seeded: leaf- 

margins entire or wavy edged: sometimes connate 1, Loniceta 
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BB. Fruit a linear-oblong capsule, 2-valved, many-seeded: 


leaf-margin serrate 2. Diervilla 

AA. Corolla shallow, usually rotate. 

B. Leaves simple 3. Viburnum 

BB. Leaves pinnately compound 4. Sambucus 


1. LOHICfiRA. Honeysuckle. 

Erect or twining shrubs, with tubular, funnelform, more or less irregular 
flowers (often 2-lipped); corolla bulging on one side near the base; stamens 
6: fruit a berry, usually 2 together from 2 contiguous flowers. 

a. Erect. 

It. canadensis, Marsh. Oi)en, smooth bush, 3-5 ft.: leaves cordate- 
oblong, not sharp-pointed, entire: flowers less than 1 in. long, soft yellow, 
the lobes nearly equal: berries red. Common in woods. Blooms in very 
early spring. 

L. tat&rica, Linn. Tartarian honeysuckle. Tall shrub (to 12 ft.): 
leaves cordate-oval, not long-pointed, entire: flowers pink or red (somcj- 
times nearly white), 2-lipped, all the lobes oblong. Asia, but common 
in yards. Spring. 


aa. Twining. 

L. japdnica, Thunb. (L. Hallihna of gardens). Fig. 554. Weak twiner, 
with ribloiig or ovat<‘ entire luuirly evergreen leavf*s: flowers small, on short 
pedicels, fragrant, opening white or blu.sh but changing to yellow. Japan; 
much (ailtivalc'd. 

L. Periclymenum, Linn. Probably the commonest of the old-fashioin‘d 
climbing honeysuckles (from Old World); strong and woody: leaves oblong- 
ovate, not joined by their basc*H, tuitire, dark green above and jiale beneath: 
flowers large, reddish outside and yellow inside, very fragrant, in a dense, 

long-stalked cluster. 

L. sempervirens, Ait. 
Trumpet or coral honey- 
suckle. Fig. 148. Glabrous 
twining shrub, with leaves 
evergreen, oblong, entire, 
glaucous, upper pairs joined 
at base about the stem, 
appearing perfoliate: flowers 
nearly sessile, in rather 
distant whorled clusters on 
terminal spikes, the corolla 
trumpet-shape, tube almost regularly 5-lobed, 13^-2 in. long, scarlet without, 
yellowish within; stamens and style not much, if any projecting. Moist or 
low ground, often cultivated. 
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2. DIERViLLA. Busii Honkysuckle. 

Erect, low shrubs or bushes: leaves simple, opposite, ovate or oblong, 
acute-pointed, serrate, deciduous: flowers in «is.iilarv or terminal cynVwS, or 
solitary; calyx-tube slender, limb or 5 slender, persistent lobes; corolla 
funnelform, 5 lobes ahnost regular; stai.iej s 0: ovary inferior, 2-cdied, 
1 filiform style: fruit slender 2 -( tilled many-scetied pud, crowned witn calyx. 

D. Lonicera,' Mill. Bushy shrub, 1-4 ft.: leaves oval to ovate, taper- 
pointed, on short petioles: i'edunclce terminal or in upper axils, mostly 3- 
flowored. corolla sleiidtT. t ihular, e/roenuh yellow (honov color), iiol over 
% in. long. Banks. Sinunier. 

D. h^brida, Hort. Wtijvli. .Shrub, 2-8 ft.: leaves oval, acute coarsely 
bprrato, rather rough above arxl soft below, short-pcviolod : floivers funnel- 
form. 1 IJ 2 i*^i- long; tube dowT'.y^ without; 5-lobed: the limb spreading. A 
group of coTiiinoii gardt II shrubs, derivtid from 2 or more Japsiese speties, 
with wliite, pink, or red sfiowy flowers. 

3. vibtJrnum. AiUU)W-WOOD. 

Er<‘ct shrubs, witli simple leaves and small whitish flowers in brdad 
cymes: stamens 5; stigmas 1-3. fruit a small 1 -seeded drupe. 

a. Flowers all alike in the cyme. 

V. Lentigo, Linn. Shcepberry. Fig. 30.5. Tall shrub (to 20 ft.): leaves 
ovate-pointed, tiiuily and sharply serratt?, '’hining above, on long margined 
petioles: fruit in. or more long, black. ( 'omnion. 

V. acerfdlium, Jjinri. Dockmackie. Arnnv-wood. Six ft. or less: hiaves 
3-lobcd and mapl('-lik(', downy bemeath: cyme small and slonder-stalked : 
fruit flat and small. Wocxls. 

aa. Flowers larger on the margin of the cyme. 

V. (3pulus, Linn., var. ameiicaiium» Ait. Hiuh-onsh cranberry. Erect, 
10 ft. or less: leaves .S-lobcd and' toothed: outer flowers stcrih? and large: 
fruit an acid red edible drupe. Swamps. In cultivation all the flowers have 
become sterile, resulting in the “snowball.” Compare Figs. 264, 265. 

V. tomentdsum, Thunb. {V. plicMum of gardens). Japanese snowball. 
Leaves not lobed, shallow-toothed, thickish, iilica .e: heads of sterile flowers 
axillary, globular. Japan. 

V. alnifdlium, Marsh. Hohhlehush. About 5 ft., with straggling branches, 
often arching to ground and rooting, thus making loops or “hobbles:” 
flowers resemble those of wild hydrangea, in flat-topped cymes, with mar- 
ginal flowers larger, sterile and showy, white: leaves very large, round or 
heart-shaped, finely serrate, petioles and veinhits- scurfy: drupes ooral-red, 
becoming purple, not edible. Cold woods and swamps. 

4. SAMBteUS. Elder. 

Strong shrubs, with pinnate leaves and sharp-serrate leaflets: flowers in 
dense corymbose cymes; calyx-teeth very small or none; corolla shallow, 
open ; stamens 5 ; stigmas 3 : pith prominent in the stems. Common. 
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S. racemdsa, Linn. Red elder. Pith and berries red: flowers in spring 
in pyramidal clusters: leaflets lanceolate, downy beneath. 

S. canadensis, Linn. Common elder. White elder. Pith white: berries 
black-purple, in late summer, edible: flower-clusters convex or nearly flat, 
in summer: leaflets oblong, smooth. 


XLIX. CAMPANULACE.®. Bellflower Family. 

Herbs (with us): leaves alternate, simple, without stipules: flow- 
ers regular and perfect, mostly bell-shaped corollas, 5-lobed or 5- 
angled; calyx 5-lobed; stamens 5, distinct; ovary 2-5-celled; style 1; 
stigmas 2-5: fruit a capsule. Some 1,200 or more species. 

A. Corolla (of the conspicuous flowers) wheel-shape: early 


flowers not opening (cleistogamous) 1. Specularia 

AA.^ Corolla bell-form: flowers all alike 2. Campanula 


1. speculAria. 

Annual herbs, with erect, angled stems, simple or branching: leaves 
entire or toothed : flowers sessile or nearly so, axillary, solitary or clustered, 
the early ones cleistogamous and small, the later expanding, light blue, 
6-lobed, wheel-shaped corolla; filaments shorter than the anthers. 

S. perfoliftta, DC. Stems erect, simple or branched, 10 in. to 3 ft. tall, 
leafy, the leaves rounded heart-shaped or broadly ovate, with clasping bases: 
flowers solitary, 2 or 3 together in leaf-axils. More or less weedy. 

S. Spdculum, DC. Venus' looking-glass. Low garden annual, with stem 
branching diffusely: flowers purplish lilac to rose-colored or white, solitary 
and terminal: leaves oblong, crenate. 

2. campanula. Bellflower. Harebell. 

Flowers solitary or racemed or spiked, blue or white, not cleistogamous: 
calyx 5-lobed; corolla bell-shaped: pod roundish, opening at sides (Fig. 283). 

C. aparinoides, Pursh. A weak, reclining, Galium-like perennial, found 
among grasses in moist meadows: stem very slender, triangular, angles 
bearing rough backward-pointing prickles: leaves small, lance-linear, entire; 
flowers very small, about H in. long, white, on spreading pedicels. 

C. rotundifdlia, Linn. Common harebeU, Perennial from slender root- 
stocks, nearly or quite glabrous, 5-12 in. high: root-leaves rounded or 
cordate, often withering before blooming season, the stem-leaves linear to 
naitow-lanceolate, entire: flowers few or solitary on slender pedicels, nod- 
ding when open; corolla bell-shaped, with pointed lobes, in. long, blue. 

Rocky places, northward. 

C. Medium, Linn. Canterbury hell. Cultivated from Europe, annual 
or biennial, erect to 3 ft., rather hairy, branching or simple: leaves lanceo- 
late, rather coarsely-toothed: flowers 2-3 in. long, single or double, blue; 
stigmas 5; sepals leafy-appendaged at base. 
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L, LCBEUACEiE. Lobelia Family. 

Herbs: leaves alternate or radiepl. siniple; flowers scattered, 
racemed or panieled, often leafy-braoted* cal.vx-tube adherent to 
ovary; corolla irregular, rnoiiopetalous, o-iubed, usually splio on on© 
side; stamens b, usually united, at least by anthers, about the 1 
style; stigma 2-lobed: fruit a capsule loculicidally 2-valved. 

lob£:lia. 

Flowers often sho\.y, axillary and solitary, or in ter.ninal bracted 
racemes; corolla as if 2-lipped; stamens Renerally uneoual, monadelphous, 2 
or all of the 5 atirhcra bearded at the top. Many opeeies. 

L. cardin&lis, Ijinn. Cardinal flower. Indian 'pink. A showy plant 
of swampy or moist soil, al'^o c iltivated: tall, simple stem, 2-4 ft., with 
showy, dec[)-retl flowers (rarely pale colored), about 1 in. long, bracted, in 
terminal racemes: leaves s(‘ssile, l^nce-oblong, sligLdy toothea. 

L. Erinus, Linn. The conimoi., pretty, annual trailing or spreading 
Lobelia of gardens and gn'enhouses: flowers many, small, very blue, usually 
with white throats (varying to whitish): lower leaves spatulatc; upper 
narrow, toothed. 

L. syphilitica, Linn. Stem erect to 1-3 ft., angular, heavy: leaves 
oblong-ovate, irregularly serrate: flowers in terminal, leafy raceme; flowers 
intense blue (or white), 1 in. or more long; calyx hairy or hispid, lobes 
auricled at base, dentate. Perennial, in low or marshy grounds or along 
streams. Late summer. 

L. spicata, Lam. Erect smoothish stems, 1~3 ft., sparingly leafy, the 
terminal raceme with linear, small bracts: leaves oblong, upper small and 
narrow: flowers small, pale blue; calyx-lobes not auricled at base, entire. 
Dry, sandy soil. 

L, infl&ta, Linn. Indian tobacco. Erect, 9-12 in., rather hairy, branch- 
ing: leaves ovate, toothed: flowers small, H in. long, pale blue, in loose, 
racemes, leafy-bracted : capsules inflated, large. Common in fields.; juice 
pungent-poisonous. 

LI. COMPOSITiE. CoMiosTTFi or Sunflower Family. 

Mostly herbs, many of them very large, very various in foliage: 
flowers small, densely packed into an involucrate head, 5-merous; 
the corolla of the outer ones often developed into long rays; stamens 
5, the anthers united around the 2 styles: fruit dry and Inaeeded, 
indehiscent, usually crowned with a pappus which represents a calyx. 
The largest of all phenogamous families, comprising about one^enth 
of all flowering plants, — about 800 genera and 11,000-12,000 ig>ecies. 
Common composites are sunflower, aster, goldenrod, boneset, dahlia, 
chrysanthemum, marigold, compass plant, thistles, dandelion, lettuce. 
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A. Heads with all dowers strap-shaped (with rays) and 
perfect: juice milky: leaves alternate. 

B. Flower-heads terminal on leafless, hollow' stalk 

from radical leaves 1, Taraxacum 

BB. Flower-heads terminal on leafy stalks: leaves 

parallel-veined 2. Tragopogon 

DBB. Flower-heads in corymbs or clusters. 

c. Heads never yellow (usually blue or white): 

papx)us of blunt scales 3. Cichorium 

cc. Heads usually ycillow (in one case blue). 

^ D. Achenes beaked: pappus copious, white, soft, 
hair-like: heaves sometimes bristly or prickly 

edged 4. Lactuca 

DD. Achenes not beaked. 

E. Pappus soft, white: leaves usually auri- 
clod and clasr>ing at base, and prickly 


on edges and under ribs 5. Sonchus 

EE. Pappus stiff, brownish, leaves not spiny. . . G. Hicracium, 


AA. Heads with tubular and mostly pc'rfect disk flowers, 
the rays, if any, formc^d of the outer strap-shaped 
and imperfect flowers: in cultivated species, all 
the flowers may become strax)-shaped (head 
“double”): jui(5e not n)ilky. 

B. Fruit a eomplettdy closed and bur-like involucre, 
containing 1 or 2 small achenes: flowens im- 


X>erfoct (set' also No. 23). 

c. Involucre-bur large, and sharp-spiny 7. Xanthium 

cc. Involuere-bur small, not shari)-spiny 8. Ambrosia 


BB. Fruit not formed of a closed and hardt'iied in- 
volucre (although tln3 involucre may be spiny, 
as in Arctium and Cnicus). 
c. Pappus none: achenes not awned. 

D. The leaves o])posite. 

E. Leavt^s simjjle: flower-heads small: flowers 


blue or white 9. Ageratum 

EE. Leavt's compound: flow€^r-heads large, 

various colors, mostly of ray florets 10. Dahlia 

EEE. Leaves dissected: heads showy 11. Cosmos 


EEEE. Leaves various: rays usually about 8, 
neutral and yellow. (Sec Coreopsis, 21.) 

DD. The leaves alternate. 

E. Foliage finely divided. 

F. Heads small (about V 2 in.): achenes 

flattened 12. Achillea 

rr. Heads good-sized (about 1 in.): achenes 

oblong, angled or ribl)ed 13. Anthemis 
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EK. Foliagr l(‘aves entire, toothed, or b: jad- 


lobed. 

F. AcheT)f;s cuT-vod or horse ‘'loe shaped.. . .14. Calendula 
FF. Aeheiies straight. 

G. I'orus flat or dlightly coiive*: 15. Chrysanthemum 

OG. Torus coui^ai. 

H. Bays yoJiow: flowers ^arge, 1-3 in... 16. Rudbcckia 
HH. Ra>’s iiot j’-cllow: flowers about 

1 in. .leross: plant low ]7. Beilis 

cc. Pappus of 2 thin early deeidueus scales 18. IleliarUftas 


ci:c. Pappus a short erow.i, or achenes awned at the 
top with (2 or more) awns. 
if. AchpTKJS angled oi riobed, crowned with cup- 
like or iobed pappus: foliage strongb 

“tansy” .« era ted 19. Tanacetum 

DD. Achenes more or less flattened, and :;wned 
at summit, with usuaUy 2 or 4 awns. 

E. Awns barbed downward: achenes various, 


narroM^ed at top, and awned, but not 

really beaked 20. Bidena 

EE. Teeth not downwardly barbed: (some- 
times achenes awnless.) 21. Coreopaia 

cccc. Pappus of many bristles. 

D. Plant very prickly 22. Ciraium 

DD. Plant not prickly. 

E. Involucre prickly and bur-like 23. Arctium 

EE. Involucre? not bur-like or prickly. 

F. Torus bristly (chaff or bracts amongst 

the florets) 24. Centaurea 

FF. Torus naked. 

G. Rays present. 

H. Flowers yellow. 


1 . Leaves all radical: rays numerous 

and fertile 25. TuasUago 

II. Leaves on stems, alternate. 

j. Heads small, iii large clusters 

or panicles 26. Solidago 

jj. Heads large and broad: leaves 
large on stem and in a basal 

clump 27. Inula 

HH. Flowers liot yellow. 

I. Scales of the involucre unequal . . . 28. Aster 

II. Scales equal in length 29. Brigeron 

III. Scales in several rows, more or 

less leafy 30. CaUiatephua 

GO. Rays none. 


BB 
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H. Plants cottony-white, or downy- 
lookiug. 

I Heads mostly dimcious. 

j. Leaves basal and also on stem: 

Ijappus thickened at summit 
and more or less barbed or 

plumed 31. Antennaria 

jj. Stems leafy: pappus not thick- 
ened at summit: some sterile 
flowers, usually in center of 

the fertile heads 32. Anaphalis 

II. Heads not dia*cious: outer flowers 

pistillate, central i>erfect 33. Onaphalium 

HH. Plants not cottony-white. 

1 . Flower-heads showy, spicate or 
racemed, rose-purple: leaves 

alternate 34 . Liatris 

II. Flower-heads small, in cymes or 
corymbs. 

j. Flowers white or pale purple: 

leaves mostly opposite 35. Eupatorium 

JJ. F1ow(ts purple: leaves alter- 
nate 36. Vernonia 

1. TARAXACUM. Dandelion. 

Stemless herbs, tlie 1-headed scape short, leafless and hollow: florets 
all perfect and strap-sliaped : fruit ribbed, the pappus raised on a long beak. 
Variable plants. 

T. officinale, Weber {T. Dens-leonis, Desf.). Common dandelion. Figs. 
8, 302. Perennial, introduced from the Old World: leaves long, pinnate or 
lyrate: heads yellow, opening in sun. 

2. TRAGOPOGON. Goat’s Beard. 

Biennials or perennials, stout, smooth, often glaucous, with long, grass- 
like leaves cliisping the stem: flowers all ligulate, in large solitary heads, 
purple or yellow, terminal on long peduncle, with singh* involucre of many 
bracts, which are equal and lanceolate, joined at bas<\s: papi)us in one 
scries, long and plumose: achcncs linear, mostly with long slendcT beaks, 
6-10-ribbed or angled: flowers open in early morning, usually closed at 
midday. Juice milky. 

T. porrifdlius, Linn. Salsify. Oyster-plant. Biennial; involucral bracts 
much longer than the rays: stems 2-3 ft. high, hollow and thickened 
upward: flowers purj^le. Europe. Cultivated for the edible tap-root. Some- 
times wild. 

T. prat^nsis, Linn. Similar to preceding, but flowers yellow and in- 
volucral bracts not longer than rays. Europe. Fields and waste places, 
eastern and middle states. 
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3. CICHORIUM. CHir-ORT. 

Tall, branching perennials, with deep, hard ro».ts: florets perfect end 
strap-shaped: fruit lightly grooved, with sessile pappus of many siuail, 
chaffy scales. 

C. intybus, Linn. Common chicory, Kun?- wild along roadsides (from 
Europe); 2-3 ft.: leaves oblong oi lanceolate, the lowest piniiatifid: tioweji't; 
bright blue or pink, 2-3 together in the axiL on loxig nearly naked branches. 

4. LACTtrCA. Lettuce. 

Coarse weedy plants: sttTiis tall and leafy, simple or branching, car- 
rying small panicled heads of in.signiflcant flowers: juice milky: stem-leaves 
alternate, entire, or pinnat<‘ly divided with lobes aiu; margins and uih1»t 
midrib often spine-tipTU'd ; invoh’cre cylindrical, with bracts in 2 or mor<‘ 
unequal rows; flowers idi liguiate and perfect, with the ligulcs truncate a* if] 

5- toothed: achenes oval to liiu.ar, flattened, 3-5-ribbed on each fac. , 
smooth, abruptly narrowed into a beak: pappus abundant, white or bro van- 
ish and soft. 

L. canadensis, Linn. Common in rich soil, 3-9 ft. tall; leaves smooth, 
lanceolate to spatulatc, sessile or clasping, margins entire, sinuate, or 
runcinately pinnatifid, the radical leaves jietiolate — all smooth and glaucous: 
flowers pale yellow, in small he.ads (M Vi iong), the heads more or less 
diffusely panicled. lUennial or annual. 

L. viildsa, Jacq. Throe to 8 ft. : leaves ovate to lanceolate, pointed and 
serrate, teeth mucronate, sometimes hairy on under midrib, the petioles 
winged, more or less sinuate or clas])ing and arrow-shaped: inflorescf'iice a 
panicle of numerous small heads; rays bluish: achenes short-beaked or 
beaklcss: pappus brownish. Biennial or annual. 

L. Scarlola, Linn. Prickly lettuce. Fig. S(». Glabrous and rather glaucous- 
green, with tall, stiff, erect st<‘m, branching, usually somewhat prickly: 
leaves oblong or spatulate, dentate or pinnatifid, sessile, or auricled and 
clasping, with margins aud under midrib spiny: heads small, 6-12-flowerod, 
but numerous, the rays yellow; involucre narrow, cynndric: achenes flat, 
ovate-oblong, with long filiform beak. Europe. A common coarse biernial 
weed. 

L, sativa, Linn. Garden lettuce. Cultivated fo • the tender root-leaves 
as a salad: flowers yellow on tall small -leaved stems. 

5. S6NCHnS. Sow Thistle. Milk Thistle. 

Coarse, succulent weeds, smooth and glaucous or spiny, with leafy stem, 
resembling wild lettuce, but achenes truncate, not beaked, and the flowers 
always yellow: involucre bell-shape in several unequal series; rays truncate, 

6- toothcd. All from Europe. 

S. olericeus, Linn. Annual, from fibrous roots, 1-5 ft., with paie yellow 
flowers in heads %-l in. in diameter: leaves various, mostly on lower part 
of stem, petiolate or clasping by an auricled base, the lobes acute; in shape 
lanceolate to lyrate-pinnatifid, margins spinulous. 

S. ary^nsis, Linn. Perennial with creeping rootstocks: flowers bright 
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yellow in showy heads: leaves various, but spiny on margins, and generally 
with clasping, auricled bases: bracts of the involucre bristly. 

S. isper, Hill. Spiny-leaved bow thistle. Annual weed: resembles 5. 
oleraceus closely, but the clasping auricles are rounded at base, stem-leaves 
not so divided and more spiny. 

6. HIERACIUM. Hawkweed. 

Hairy, or glandular-hispid, or glabrous perennials, 
with radical or alternate entire leaves: head of 12-20 
yellow or orange ligulate flowers, solitary or pariicled; 
involucre in onci or several series, unequal; rays trun- 
cate and 5-toothed: achenes oblong, striate, not 
beaked; pappus single or double, delicate, tawny or 
brownish, stiff, not plumose. Large number of species 
widely spread. 

H. vendsum, Linn. Rattlesnake-weed. Smooth, 
slender, leafless or with 1 or few leaves, 1-2 ft., fork- 
ing into a loose, sprcjading corymb of heads: leaves thin, glaucous, radical 
and tufted, or near base on stem, oblong or oval, nearly entire, slightly 
petioled or sessile, sometinu's purplish or marked with purple veins: achenes 
linear, not narrowing upward. Dry woods, 

H. aurantlacum, Linn. Orange hawkweed. DeviVs paint-brush. A very 
bad weed in meadows East, from Europe: hirsute and glandular: leaves 
narrow: heads deep orange: achenes oblong, blunt. 



555. Xanthiura 
canadenae. 


7. XANTHIUM. Clotbur. 

Coarse homely annual weeds with large alternate leaves: flowers mon- 
oecious: in small involucres; sterile involucres composed of separate scales, 
in short racemes; fertile involucres of united scales forming a closed body, 
clustered in the leaf-axils, becoming spiny burs. 

X. canad€nse, Mill. Common clotbur. Fig. 555. 

One to 2 ft., bran(diing; leaves broad-ovate, petioled, 
lobed and toothed: burs oblong-conical, 1 in. long, 
with 2 beaks. Wa.ste places. 

X. spindsum, Linn. Spiny clotbur. Pubescent, with 
3 spines at the base of each leaf: bur }i in. long, with 
1 beak. Tropical America. 

8. AMBROSIA. Raoweed. 

Homely strong-smelling weeds, monoecious: sterile 
involucres in racemes on the ends of the branches, the 
scales united into a cup; fertile involucres clustered in 
the axils of leaves or bracts, containing 1 pistil, with 
4-8 horns or projections near the top. Following are 
annuals: 

A. artemisisfdlia, Linn. Common ragweed. Figs. 555. Ambrosia arte- 
416, 556. One to 3 ft., very branchy: leaves opposite miaiiBfolia. 
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or alternate, thin, one.-'- or twice-pinnalifid : fruit or bur globular, with G 
fipincs. Roadsides and waste places. 

A. trlfida, Linn. Great Ta{fweed. Three to 11.' ft., with opposite 3-lt»!jed 
serrate leaves: fruit or bur obovate, with 6 sjT 6 tiibcrcles. Swales. 

9. AGfiRATUM. Agktiatum. 

Small diffuse mostly hair>^ herbs, with opp.,^ite simple leaves: heads 
small, blue, white or rose, reyiess, the involucre r up-shaped and .omposed 
of narrov V)raets: torus flatfish; panpus r^f a few’ rough bristles. 

A. conyzoldes, Linu. {A. mexichnum of gardens). Annual pubescent 
herb, with ovate-deltoid serrate leaves: cultivated (from tropical America) 
for small aiid numerous clustered soft heads. 

10. dAhua. 

Stout familiar garden lierbs, tall and branching, from tuberous roots: 
leaves opposite, piniiately divided: ray flowers in natural stste are neutral 
or pistillate and fertile; disk flowers perfect; involuen' doiihk, outer scales 
distinct and leaf-liko, the inner united at base; reeeptacl(^ chaffy; pappus 
none. In the big cultivated dahlias, most of the flowers are rays. 

D. vari&bilis, Desf. Figs. 257, 258. Several feet, with fine large heads 
of flowers, colors variou.s; lieads solitary: heaves pinnate, leaflets unequal, 
3-7, ovate-acuminate, coarsely serrate. Mexico. 

11. c6smos. 

Handsome tall plants, 4 -5 ft. high, cultivated for the fine foliage and late 
flowers: leaves opposite, very finely dissected, thrice-conipound, the leaflets 
extremely narrow, and sessile: flower-head with double involucre; the outer 
bracts dark green, calyx-like, 8 in number, the inner scales crc*ct, with 
recurved tips; ray flow’crs, usually 8, neutral, white, pink; disk flowers per- 
fect, tubular, yellow; receptacle chaffy: achenes flattened, be«ked. Mexico. 

C. bipinnUtus, ('av. Rays 1-2 in. long, crimson, rose or w’hite, the disk 
yellow. The commonest species. 

C. sulphffreus, Cav. Both rays and disk yellow. 

12. ACHILLEA. Yaubow. 

Low perennial or annual herbs: heads corymbose, many-flowered, white 
or rose, with fertile rays; s(;ales of involucre overlapping (imbricated); torus 
flattish, chaffy; pappus none. 

A. Millefdlium, Linn. Yarrow. Stems simple below, but branching at 
the top into a large rather dense umbel-likc flower-cluster: leaves very 
dark green, twice pinnatifid into very fine divisions: rays 4-5. Fields 
everywhere. 

13. ANTHEMIS. Chamomile. Fig. 417. 

Strong-scented, branching herbs with finely pinnatifid leaves and 
many-flowered heads, solitarj^ on peduncles: ray flowers white or yellow, 
pistillate or neutral, the edge of corolla entire or 2-3-toothed: disk flowers 
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perfect, fertile, yellow, corolla 5-cleft; receptacle convex, partially chaffy; 
involucral bracts small, dry, in several series, outermost shortest: achenes 
round or ribbed, smooth: pappus none or a slight border. There are a 
number of cultivated plants in this genus. 

A. Cdtula, DC. May-weed. Annual, bushy, erect, 1-2 ft.: heads ter- 
minal, corymbed, 1 in. broad; rays us\ially white, neutral; disk flowers yel- 
low: leaves alternate, mostly sessile, finely piiinatifid. Roadsides. Europe. 

14. CAL^NDITLA. Pot Marigold. 

Erect, quick-growing annuals, with terminal large yellow or orange heads 
with pistillate rays: involucre of many short green scales; torus flat; pap- 
pus none: achenes of the ray florets (those of the disk florets do not mature) 
curved or coiled. 

C. officinalis, Linn. Common pot marigold. A common garden annual 
from the Old World, with alternate entire sessile oblong leaves: 1-2 ft. 

15. chrysanthemum. Chrysanthemum. 

Erect herbs, annual or perennial, with alternate lobed or divided leaves: 
rays numerous, pistillate and ripening seeds; torus usually naked, flat or 
convex; pappus none. 

a. Achenes of ray florets winged. 

C. morifdlium, Ram. {C. sMnse, Sabiiu;). Greenhouse 
chrysanthemum. Tall and mostly strict, with lobed, firm and 
long-petiolcd alternate leaves: flowers exceedingly various. 
China. 

aa. Achenes not winged. 

C. Leucanthemum, Linn. Whiteweed. Ox-eye daisy. Fig. 
189. Perennial, with many simple stems from eaf;h root, rising 
1-2 ft., and bearing alternate oblong sessile pinnatifid leaves: 
heads terminating the stems, with long white rays and yellow 
disks. Fields everywhere in the East, and spreading West. 

16. RUDBfCKIA. Cone-flower. 

beokia hirta. Perennial or biennial herbs, with alternate leaves and 
showy yellow-rayed terminal heads: ray florets neutral; scales 
of involucre in about 2 rows, leafy and spreading; torus long or conical, with 
a bract behind each floret: achenes 3-angled, with no prominent pappus. 
Strong field plants. 

R. hirta, Linn. Black-eyed Susan. Ox-eyed dai^y in the East. Fig. 557. 
Biennial, 1-2 ft., coarse-hairy, leaves oblong or oblanceolate, nearly entire, 
3-nerved: rays as long as the involucre or longer, yellow, the disk brown; 
torus conical. Dry fields. 

R. lacinidta, Linn. Two to 7 ft., perennial, smooth, branching: leaves 
pinnate, with 5-7-lobed leaflets, or the upper ones 3-5-parted: rays 1-2 in. 
long; torus becoming columnar. Low places. 
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17. BfiLLIS. Garden 1>Aisy. 

Low tufted herbs w ih ; nan} -flowered heads, sob ary on scapes: leaves 
spatulate, petioled: flovvers both radiate and tubul r, mostly double, with 
margins of the rays ' arious, quilled, and otherwise modified in the cul- 
tivated forms: ray flowers whi e or >inJ., pistilhite; disk flowers yellow, 
perfect with tubulfir corulli , limb 4-5-toothed: aelienes flattened, wiug]('ss, 
nerved near margiiis. 

B. jer^nnis, Linn. 1 ntyliah d juy. European (/ardsn daisy. Fig. 200. 
riower-head on a se'q.i^ ..-I: inches high, from ladical leaves, 5^-1 in. in 
diameter, with nniner jus line:ir rays, white, pink, bluish. Europe. Perennial. 
Cultivated in ganhms or <»n lawns. Ipril to November. 

IS. HELIANTHUS. Sunii OVER. Figs. 3, 4. 

Stout, often coafst^ perennials or annuals, with simpb alternate or 
opposite leaves and large yellow-ray(‘d heads: ray florets neutral; scales of 
involucre ovc'Happing, more oi less leafy; torus flat or convex, with a bract 
embracing each floret: achene 4-angI*-d: pappus of 2 scales (sometimes 2 
other smaller ones), which fall as soon as the finit is ripe. 

a. JJis.v hroum. 

H. iinnuus, Linn. Common t<vnfiov'er. Tall, rough, stout annual, with 
mostly alternate, stalked ovat<^-toothed largo leaves: scaik^sof involucre ovate- 
acuminate, ciliate. Minnesota to 7'exas ard West, but ex-erywhore in gardens. 

H. scaberrimus, Ell. Prairie sunflower. Htout perennial (2-6 ft.), rough: 
leaves oblong-lanceolate, entire or s(‘rrate, rough and grayish, thick and 
rigid : heads iniarly solitary, with 20- 25 rays. Prairies, Michigan, west. 

aa. Disk yellow {anthers sometimes dark), 

H. giganteus, Linn. Tall, to 10 ft., rough or hairy: leaves mostly 
alternate, lanceolate-pointed, finely serrate or quite entire nearly sessile: 
scales linear-lanceolate, hairy; rays pale yellow, 15-20, Low grounds. 

H. divariedtus, Linn. Figs. .3, 4, 2.3, 28. Small for the genus, 1-4 ft.: 
leaves opposite, ovate-lanc<*ola.te, 3-norved, sessile, serrate, rough and 
thickish: rays 8- 12, 1 in. long. (Common in dry thickets. 

H. tuberdsus, Linn. Jerusalem artichoke. Bearing edible stem-tubers 
below ground: 5-10 ft. : leaves ovate to ohlong-ovatc, toothed, long-petioled: 
scales not exceeding the disk: rays 12-20, large. Pennsylvania west, and 
cultivated. 

19. TANACfiTUM. Tansy. 

Tufted perennials, with finely divided leaves and strong odor: involucre 
of overlapping dry scales; torus convex; heads small, nearly or quite rayless, 
the flowers all seed-bearing: achenes angled or ribbed, bearing a short 
crown-like pappus. 

T. vulgdre, Linn. Common tansy from Europe, but run wild about old 
houses: 2-4 ft.: leaves 1-3-pinnately cut: heads yellow, pappus-orown 
5-lobed. 
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20. BtDENS. Bur-marigold. Beggar’s Ticks. Pitchforks. 

Annual or perennial, similar to Coreopsis, including weeds known as 
Spanish-needles or stick-tights: leaves opposite: flowers mostly yellow; 
involucre double, outer scales large and leaf-like; heads many-flowered; 
ray flowers 4-8, neutral, or none; disk flowers perfect, tubular: achenes 
flattened or slender and 4-anglcd, crowned with 2 or more rigid downwardly 

barbed awns. 

B. fronddsa, Linn. Figs. 418, 558. 
Smooth or sparsely hairy, 2-6 ft. tall, 
branching: leaves 3-5-divided, or 
upper simple; leaflets stalked, lanceo- 
late, serrate: outer involucre longer 
than head; bracts foliaceous: achenes 
wedge-ovate, flat, 2-awned. In moist 
places. Annual. 

B. libvis, BSP. Smooth branching 
annual, 6 in. to 2 ft., usually abundant along 
ditches: leaves sessile, simple, lanceolate, acumi- 
nate, serrate, the bases sometimes united: outer 
involucral bracts exceeding the inner, but shorter 
than the yellow, oval or oblong rays: rays about 1 
in. long, 8 or 10 in number: achenes small, wedge- 
shaped, truncate, prickly on margins, with 2 rigid 
downwardly barbed awns. 

B. bipinndta, Linn. Sjyanish needles. Annual: 
stem quadrangular, erect, branching freely: leaves 

1- 3 times pinnate, leaflets lanceolate, pinnatifld: 
heads small on slender peduncles; rays short, pale 
yellow, 3, 4 or more: achenes smooth, 3-4-grooved, 

2- or 6-awned (awns barbed). 

21. COREOPSIS. Tickseed. 

Low herbs with opposite, sometimes alternate leaves: 
heads of tubular and ray flowers solitary, or corymbed on 
long peduncles; involucre double, bracts all united at 
base, the 8 outer ones usually leafy; the inner erect; re- 
ceptacle chaffy; ray flowers neutral, usually yellow; disk 
flowers tubular, perfect, yellow or purple; pappus of 2 short teeth or a 
crown-like border, or none: achenes flat, often winged, 2-toothed or 2- 
armed. A number of rather showy but somewhat weedy plants. 

C. tinetdria, Nutt. Calliopsis. Annual or biennial, glabrous, erect, 1-3 
ft.: disk flowers dark purple; ray flowers about 8, yellow with purple bases, 
the edges coarsely 3-toothed: leaves alternate, 2 or 3 times pinnately- 
divided; the lower petioled, the upper sessile and often entire: heads 1-1 H 
in. wide, on slender peduncles. A favorite in gardens. Ray flowers variable 
in shape and coloring. 

C. trlpteris, Linn. Tall coreopsis. Tall and leafy stems, 4-9 ft.: disk and 
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ray flowers aJl yellow; heads small, numerous. in. broad, corymbed, 
giving a spicy odor when bruised. Pei'en.iial. Weed common. 

C. lanceoUta, Linn. Perennial, native and cultivated: nearly or cj'u'te 
glabrous: leaves oblong or linear, mostly e;it*re, obtuse: heads large, yellow- 
rayed, on very long stems. 


22. CfRSIUM. This IL F,. 

Perennial or biennial iicrbs, with ptnnatifid, very prickly leave ,: florets 
all tubular and usually all 'x^rfecc; scales of the involucre prickly; torus 
bristly; pappus of soft bnstlrs, by means of which the fruit is carried in the 
wind. Several siiecios in our Le^ritorsn 

C. lanceoldtum, Hill. Cummon thistle. Figs. 253- Strong branching 
biennial: leaves pinnatifid, deenrrent, woolly beneath: heads large, purple, 
with all the involiioroso.ilos prickly. Europe. 

C. arv6nse, Scop. Canada thidU . Fig. 400. nower, perennial and a pes- 
tiferous weed: leaves .smooth or nearly so beneath: flowers rose-purple, in 
small, imperfectly clia cions heads, only the outer scales prickly. Euiope. 


23. Arctium. BURDUOlil. 

Coarse biennials or perennials, strong-scented, with largo dock-like 
simple leaves: head becoming .*i bur with hooked bristles, the florets all 
tubular and i)erfcct ; torus bristly; pappus of .short, rough, deciduous bristles 

A. Ldppa, Linn. Burdock. (Common w(*€*d from Euiope, with a deep, 
hard root, and bushy toi) 2-3 ft. high: leaves broad-ovaie, 
somewhat woolly beneath, entire or angled. 

24. CENTAURfiA. Si’ar-vhistle. Centaukea. 

Alternate-leaved herbs, the following annuals, with single 
heads terminating the long branches: heads many-flowered, 
the florets all tubular but the outer ones usually much larger 




669. Centaurea Cyanus. At the left is an outer or ray floret; then follow three 
details of a disk floret; then follows the fruit. 
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and sterile; scales of involucre overlapping; torus bristly: achenes oblong, 
with bristly or chaffy pappus. Cultivated. 

C. C^anus, Linn. Corn-flower. Bachelors button. Figs. 256, 559. Gray 
herb: leaves linear and mostly entire: heads blue, rose or white. Europe. 

C. moschita, Linn. Sweet sultan. One to 2 ft., smooth: loaves pinnatifid: 
pappus sometimes wanting; heads fragrant, white, rose or yellow; large. Asia. 

25. TUSSILAGO. Coltsfoot. 

Low stemless hairy perennials from rootstocks: scapes simple in early 
spring, scaly-bracted, each bearing a single dandcdioii-like head: leaves 
radical, appearing later, orbicular-angled or toothcul, white-woolly at first: 
ray flowers in several rows, pistillate, fertile; disk flowers tubular, stani- 
inate, sterile; involucre nearly simple, or 1-rowed a(diencs of ray flowers, 
cylindrical, 5“10-rihhed; pappus abundant, soft, hair-like, white. 

T. F&rfara, Linn. Yellow heads in very early spring before the leaves. A 
common weed East, found in low, damp places and along cool banks. Europe. 

26. SOLIDAGO. Goldenrod. 

Perennial herbs, with narrow, sessile leaves: heads yellow, rarely whitish, 
few-flowered, usually numerous in the cluster, the ray-florets 1-16 and 
pistillate; scales of invohicr<> close, usually not gre<‘n and loaf-like; torus 
not chaffy: ach('ne lU'arly <\vlindrical, ribbed, with pappus of many soft 
bristles. Of goldc'iirods there are many species. They are characteristic 
plants of the American autumn. They are too critical for the beginner. 

27. Inula. Elec^ampane. 

Large and tall coarse perennial herbs, with large, showy yellow flower- 
heads 2-4 in. diameter, sunflower-like: leaves large, simple, alternate, 
and also radical in clumps: heads contain both X)orfect tubular, and pistil- 
late ray florets, in one row; receptacle not chaffy: achenes 4r-5-ribbed: 
pappus in one row, bristles hair-Iikc. 

I. Helenium, Linn. Four to 6 ft., rising from a clump of large, ovate, 
dock-like leaves on heavy petioles; stem-leaves sessile or clasping: heads 
solitary, terminal; involucre bracts ovate, leaf-like, woolly. Weed in damp 
pasture and along roadside. Summer. 

28. Aster. Aster. Fig. 252. 

Perennial herbs, with narrow or broad leaves: heads with several to 
many white, blue or purple rays in a single series, the ray florets fertile; 
scales of involucre ovcrlapiiing, usually more or less green and leafy; torus 
flat: achene flattened, bearing soft, bristly pappus. Asters are conspicuous 
plants in the autumn flora of the country. The kinds are numerous, and it 
is difficult to draw specific lines. The beginner will find them too critical. 

29. ERIGERON. Fleabane. 

Annual, biennial or perennial erect herbs, with simple, sessile leaves: 
heads few- to many-flowered ; rays numerous in several rows and pistillate ; 
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scales of involucre narrow and equal, scarcei^' overlapping, not green-tipped; 
torus flat or convex, naked; pappus cf soft bristles. 

a. Hays very incor imciious. 

£. canadensis, Linn. Home-weed, Mare. {-tail. Fig. 560. Tall, erect, 
weedy, hairy annual, with strong scent: leaves linear and mostly entire or 
the root-leaves lobed: heads small and very numerous in a long ijanicle, 
the rays very short. 

aa. Raya prominent: common Jieabams. 

E. &nnuus, Pers. Usually annual, 3-5 ft., with spreading 
hairs: leaves coarsely and sharply toothed, the lowe: '; ovate 
and tapering into a margined petiole: rays numerous, white 
or tinged with purple, not twice the length of the involucre. 

E. ramdsus, BSP. Daisy fleabane. Usuall^^ annual, with 
appressed hairs or none; leaves usually entire and narrower: 
rays white and numerous, twice tao length of the involucre. 

E. pulchdllus, Michx. Rohin*s plantain. Perennial leafy- 
stemmed herb, softly hairy, producing stolons or rooting 
branches from the base, the simple stems, from a cluster of 
rather large, roundish, short-petioled, serrate, root-leaves; 
stem-leaves few, entire, sessile and i>artially clasping, heads 
1-7, on long peduncles; rays numerous, linear or spatulate, 
purplish or pinkish. April to June. 

30. CALLiSTEPHUS. China Aster. 

Erect, leafy annuals, with large solitary heads bearing 
numerous white, rose or purple rays: scales in several rows or series, 
usually leafy; torus flat or nearly so, naked; pappus of long and very short 
bristles. 

C. hort^nsis, Cass. Common China aster, now one of the commonest of 
garden annuals, in many forms: leaves sessile and coarsely toothed. China, 

31. ANTENNARIA. Everlasting. 

Perennial little herbs with cottony leaves and stems: flowers dioecious, 
in many-flowered small heads, solitary or racemose or clustered (much 
resembling Gnaphalium, but distinguished by the dimeious heads); invo- 
lucre with dry imbricated bracts in several rows, usually woolly-white or 
colored; pappus in a single row, that of the sterile flowers thickened and 
plumed at summit. Several confused species, or forms of one species, mostly 
in open, dry places. 

A. plantaginifdlia. Rich. Mouse-ear everlasting. Noticeable on dry 
soil and in open places, as white cottony patches: stoloniferous root-leaves 
soft white when young, later green above but hoary beneath, oval to spatu- 
late, petioled, 3-veined: flowering stem simple scape-like, 4—8 in. high, 
bears small, bract-like, appressed leaves, and heads in a small, crowded, 
terminal corymb; scales of involucre whitish. 



500. Eriguron 
canadonaia. 
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32. ANAPHALIS. Eveblasting. 

Cottony-white herbs, very similar to the preceding, but pappus not 
thickened at summit, and usually a few perfect but sterile flowers in center 
of the head: stem leafy. Perennial. 

A. margaritllcea, Benth. & Hook. Pearly everlasting. One to 2 ft.; 
heads in corymbs at summit, dioecious, but a few imperfect staminate 
flowers in the center of the fertile heads: leaves sessile, taper-pointed, 
broad-ovate to linear-lanceolate: involucre scale pearly white, rounded. 
Common in dry soil. 

33. GNAPHALIUM. Eveklasting. Cudweed. 

Cottony-white herbs, with small head of many whitish flowers, sur- 
rounded by involucre of white or colored scales, in many series: flowers all 
fertile, outer pistillate, central perfect: no chaff on receptacle; pappus a 
row of slender bristles. Common in dry fields. 

G. polyc^phalum, Michx. Common everlasting. Annual, with leaves 
lanceolate, margins wavy, upper surface not very cottony: seak^s of invo- 
lucre white or yellowish white, a few perfect flowers in th(‘ center of each 
head. 

G. deciirrens, Ives. Biennial or annual, with many perfect flowers in 
center of each head: stem erect, 1-2 ft.: leaves lance-linear, both sides 
cottony, bases partially clasping and running down the stem. 

34. LIATRIS. Blazing Star. Button Snakeroot. 

Perennial herbs, with simple erect stems from tuberous or corm-like 
roots: leaves entircj, alt(‘rnat(‘, rather rigid, sometimes vertical on the stem, 
and resinous-dotted: flowers few to many, in racemed or spicate heads; 
flowers all alike, rose-purple, tubular; corolla 5-lobcd, lobes long and 
slender; papi)us of many hair-like bristles, plumose or barbed: achene 
slender, tapering to base: iiivolucral bracts in several rows, unequal. 

L. scaridsa, Willd. Stem stout, 2-5 ft. tall: leaves lanceolate, the lower 
long-petioled, the upper more linear and rigid: heads few to many, 30-40- 
flowered, about 1 in })road: scales of involucre numerous, with rounded 
tipS; often colored and rather rough on the margins; flowers bright purple. 
Dry soil. 

L. pycnost&chya, Michx. Heads 3-15-flowcred: flowers rosy-purple on a 
spike 3-4 ft. high: flowers begin to open at top of the spike and continue 
opening downward: scales with purplish tips. A western species, cultivated; 
very showy. 

35. ETJPAT6RIUM. Thoroughwort. 

Erect perennials, with simple leaves: heads small and rayless, clustered, 
all the florets perfect; scales not leafy; torus flat or low-conical, naked: 
achene 5-angled: pappus a single row of soft bristles. Low grounds. 

E. purpureum, Linn. Joe Pye weed. Tall, with purplish stem and lan- 
ceolate-toothed leaves in whorls of 3-6: heads flesh-colored, in dense 
corymbs. Swamps, growing 3-10 ft. 
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£, perfoUituin, Linn, Boneset. Thoroui/liwort. Pits. 171. Two to 4 ft., 
hairy: leaves opposite and sessile, laueco'atc: flowers white, in clusters. 

36. VERWOKIA. Ironweed. 

Coarse perennial herbs, with tall strong bafy rtenis: leaves alternate 
(seldom opposite), sessile: flowers 15 to many n head, heads corymbed, 
all tubular, perfect, purple (rankly white or pint I: involucre shorter than 
flowers, with, seve^ral scTios of scales; rcwpiacle not chjiffy; pappus double, 
the inner scries bristle-like, the outer of short, small, scale-like brislies: 
achenes cylindrical, several-? dibed. 

V. novaboracensis, Willd A coarse weed, 3-6 ft.: head.*-: about Hi i“ 
long: bracts of involucre, some or all, with slender lor:g or awned flexuous 
points, brownish purple: leaves many, rough, lanceolate or lancc-oblong, 
2-9 in. long, serrulate, .sessile, all along stem: flowers deep purple in 
spreading, flat-topped cymes: ad ones somewhul hairy. Late summer. 

V. fasciculita, Michx. Tall, eoarse weed, 3-10 feet, with deep pur])le 
flowers in heads (20-30-flowen'd), corymbed; iavohicro campapulate, 
scales usually obtuse, not awn-like. Summer and autumn. 
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Aborted: crowded out, (31 G). 

Abronia, Fig. 18. 

Abutilon, 372, Figs. 182, r)20. 

Acacia, leaf, 108, Fig. 103. 

Accessory buds: iuore than one in an cxil, 

( 88 ). 

Accessory fruit: othei parts grown to the 
pericarp, (311), 161. 

Acclimatization: adaptation to a climate 
at first injuriou.s, (367). 

Acer, 376, Figs. 523-526. 

Acetic acid, 271. 

Acheiie: dry, indehiscent. oue-seeded 
pericarp, (313). 

Achillea, 437. 

Acorn, 155, 178. 

Acorus, 328. 

Actsca, 359. 

Acuminate: tapor-pointecl, (211). 

Acute: sharp-pointed, (211). 
Adder’s-tonguc, 331; fern, 198, Fig. 368. 
Adiantum, 323. 

Adventitious buds: those appearing on 
occasion, (54, 124). 

JEcidia, 191. ACoidiosjjore, 191. 

Aerial roots, 10, Figs. 12-14. 
iiisculuB, 377. 

Ageratum, 437. 

Aggregate fruit,: one formed hy the co- 
herence of pistils that were di.stip.ct 
in the flower, (321). 

Agrimonia, 387. 

Agrimony, 169, 387. 

Ailanthus, leaf-scars, 37, Figs. 57; sced.s, 
168. 

Air-plants, 11. 

Alcanin, 273. 

Alder, 345. 

Aleurone grains, 275, Fig. 445. 

Alfalfa, 3, 7, ,9, 94, 137, 172. 251, 383, 
Figs. 21, 246, 529; nodules on root, 78. 
Algas, 181, 183, 185, 201, 207, 263, 266. 
Alkaloids, 271. 

Almond, 61, 251, 271; bud, 39, Fig. 68. 
Alnus, 345. 

Alpine plants, 229. 

Alsike clover, 382. 

Alternate leaves, 47. 

Alternation of generations, 182, 201. 
Althea. 148, 372, 373. 

Alyssum, 160, 367, 368, Fig. 519. 


Amaranth, 170, Fig. 411. 

Amaryllidccefie, 335. 

Amhrosia, 436, Figs. 41C, 556. 
Am.^lanchior, 391. 

Amoiba, 266. Amoeboid, 266. 

Ampelopsis, leaves f, 100, Fig. 155. 
Amphibious, 208. 

Amylo-dextrine, 275. Amyloso, 271. 
Anacharis, 85, Fig. 439. 

Analogy: related in function or use, (223> 
Anaphulis, 444. 

Anemone, 356; f.uit, 156. 

Anetncnella, 357. 

Angeli.ia, 398. 

Angiosperms, 327. 

Aniline for staining, 73. 

Annual: of one season’s duration, (10). 
Annular, 2G7. 

AnteTinaria, 443. 

Anthemis, 437, Fig. 417. 

Anther: pollen-bearing part of the sta- 
men, (270). 

Antheridia, 181, 187. Antheridiophore, 
194. 

Anthodiuin: flower-head of the Coni- 
])o.sitai, (251). 

Antirrhimim, 4(K). 

Arititropic: against the sun, (243). 
Apetalous: petals tnissing, (273, 290). 
Aphylloii, 90, J’lg. 131. 

Apical; at the apex or top, (317). 

Apios, 385. 

Ai)iuni, 399. 

Apocyiiacea', 418. 

Apparatins, 301. 

Apple, 20, 32, 6 b, 251 , 254, 391 ; acid, 271; 
bud, 36, 39, 40, Fig. 71; bud-variation, 
238; cells, 263, 265; foliage, 65; fruit, 
162, Fig. 295- inflorescence, 123, Fig. 
294; leaf, 83; leaf-scar, 37; pear-graft, 
28; phyllotaxy, 48, Fig. 84; pruning, 
Figs. 102, 104; thorns, 108; tree, 14, 
64, 93, 220, Fig. 17. 

Apricot, 251, 366; bud, 37, 39, 41, Figs 
55, 68; fruit, 161. 

Aquatic, 207; society. Fig. 401. 
Aquilegia, 358, Fig. 517. 

Arabia, 388, Fig. 536. 

Araceaj, 327. 

Arboriculture, 257. 

Arborvitee, 32G, Figs. 404, 405, 485. 

( 447 ) 
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Arbutus, trailing, 425, 

Arcbegoniophore, 194. Archegonium, 

181. 

Arctium, 441. 

ArLssema, 327. 

Aristolochiacese, 348. 

Arrow-root, starch, 274, 275. 

Arrowwood, 429. 

Artichoke, Jerusalem, 439. 

Arum, family, 149, 327; water, 328. 

Asarum, 349. 

Ascending stems, 14. 

Asclepiadaccfic, 417. Asclepias, 283, 418. 

Ascus, 190. 

Ash, 421; branching, 56, Fig. 92; fruit, 
156; leaf. Fig. 141; mountain, 391; 
phyHotaxy, 48; seeds, 168. 

Ash in plants, 77. 

Asparagus, 3, 285, 289, 333, Figs. 457, 
468; leaves, 107, Figs. 159-162. 

Aspen (poplar), expression in, 66. 

Aspidium, 289, 323, 324. Figs. 331, 332, 
480. 

Asplcnium, 323. 

Assimilation: making of protoplasm, 
(185, 186). 

Aster, 233, 442; China, 443; inflorescence, 
120, 150, 151; wild, 252, Fig. 146. 

Atropin, 271. 

Auricula, 422. 

Autumn leaves, 233. 

Avens, 386. 

Axil: upper angle which a petiole or 
peduncle makes with the stem which 
bears it, (87). 

Axillary, 119, Fig. 201. 

Azalea, 425; anther, 135, Fig. 220. 

Uaehelor’s button, 151, 442, Figs. 256, 
559. 

Bacterium (pi. bacteria), 91, 263, 278, 
Fig. 13t). 

Ballast plants, 170. 

Balloon-vine, 376. 

Balaam, 33, 166, 286; garden, 375; for 
mounting sections, 303. 

Bamboo, forest. Fig. 437. 

Baneberry, 359. 

Banyan, 11, .20, Fig. 15. 

Buptisia, 383. 

Barberry, 360; anther, 135, Fig. 221; 
family, 360; rust, 191, 192, Figs. 355, 
356; spines, 109, Fig. 168. 

Bark, 293; forms of. 65. 

Barley, 152, 250, Fig. 261; germination, 
173. 

Basal: at the base or bottom, (317). 

Basidium, 191. 

Basswood, 37, 292; phyllotaxy, 48, Fig. 
464. 

Bast, 280, 281, Fig. 450. I 


Bean, castor, 4, 171, 175, 178,271,273,352, 
Figs. 31.3-316; common, 3, 7, 166. 250, 
384, Figs. 2, 530; germination, 171, 
173, 174, 178, Figs. 308-312, 322; 
legume, 157; Lima, 175, 384, Fig. .531; 
scarlet runner, 174, 178, 384; sleep of, 
49; twiner, 115, 116. 

Beard-tongue, 406. 

Bedstraw, 112, 426. 

Bee balm, 400. 

Beech, 64, 67, 343; drop, 90; European, 
98; fruit, 155; loaf. Fig. 151; monoe- 
cious, 138. 

Beefsteak geranium. Fig. 41. 

Beet, 7, 33, 250, 251; cells, 265; starch in, 
31; sugar-, 251, 273. 

Beggar’s ticks, 440, Fig. 558. 

Begonia, cells, 265; cuttings, 21, 27, Fig. 
41; leaf, 298, Fig. 144; stomates, 301, 
Fig. 473. 

Belladonna, 271. 

Bell-flower, 430; family, 430. 

Beilis, 439. 

Bcllwort, 332. 

BerbcridacojE, 360. 

Berry: pulpy, indehiscent, few- or many- 
soeded fruit, (319). 

B<;tula, .344. 

Bi-collateral, 288. 

Bi-compoimd, 96. 

Bidens, 440, Figs. 418, 558. 

Biennial: of two seasons’ duration, (10). 

Bilb(jrry, 424. 

Bindweed, 244, 412. ^ 

Birch, 231, 3^. 

Birthroot, 333. J 

Birthwort, family, 348. 

Bishop’s cap, 394. 

Bitter-cress, 367. 

Bittersweet. 248, 409, Fig. 424; climbing, 
112; false, twiner, 115, Fig. 179. 

Blackberry, 20, 251, 390; cuttings, 23; 
fruit, 160, 161; pruning, 61; and birds, 
168. 

Black-eyed Susan, 488, Fig. 557. 

Black haw. Fig. 305. 

Bladder-nut, 378. 

Bladder-wort, 71, 207. 

Blade: expanded part of leaf or petal, 
(206). 

Blazing star, 444. 

Bleeding of plants, 73. 

Bleeding-heart, 3, 364. 

Blight, 92. Blight-canker, 92. 

Bloodroot, 363. 

Blueberry, 424. 

Blue-eyed grass, 338. 

Blue-eyed Mary, 406. 

Blue-grass, 246. 

Bluets, 427. 

Bole: trunk, (140). 
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Boneset, 445, Fig. 138; bracts, 171. 
Borage family, 412. 

Boreal plants, 229. 

Borraginaccse, 412. 

Boston ivy, leaves, 100, Fig. 155; tendril, 
113. 

Bougainvillea, 110. 

Bouncing Bet, 354; fruit, Fig. 282 
Box, leaf. Fig. i49. 

Box-elder, 370; phyllotuxy, 47, 48, Fig. 
84. 


Bracts: much reduced leaves, (J!31). 
Brake, 180, 207, 323, Figs. i30, 335, 450. 
Bramble, 389. 

Branched stem, 15, Fig. 21. 

Brassica, 305, Fig. 518. 

Briars, climbing, 112* prickles. 109. 
Bridal wreath, 121, 392, Fig. 19o. 
Bristles, 109. 

Bryophylluin, leaf cuttings, 21. 
Bryophyte, 183. 

Buckeye, 377. . 

Buckwheat, 76; 251, 350, Fig. 613; fami'y* 
349; flower, 130; fruit, 150; pollination, 
139. 


Bud, Fig. 165; dormant, 54; propagation 
by, 21; resting, 30; -scales. 111; -scars, 
old, 54, Fig. 91 ; struggle for existence, 
52; winter, 21, 3b, 61; and light, 50; 
-variations, 237. 

Bulbl thickenewi^t^niade up of scales 
or plattiil^.(8C^)pph;^lotaxy, 48; scales, 

Bulb^4)ui|;> ariallkfrom a mother bulb, 

(81). ' V 

Bulblet; aerial btib, 21, (81). 

Burdock, 7, 67, 169, 242, 243, 441, Fig. 
306. 


Burning bush, 294. 

Bur-marigold, 4,40, Figi> 55S. 

Burs, 169. 

Bur-seed, 413. 

Burst of spring, 40, Fig. 72. 

Bushes: low and thick shrubs, (15). 
Butter-and-eggs, 137, 145, 405, Figs, 227, 
544. 


Buttercup, 3, 208, 233, 357; achene, 

Fig. 268; family, 365; flower. Figs. 
202, 203; pistil, 130,^ Fig. 207 
Butterfly weed, 418. 

Butternut buds, 37. ‘ 

Button-bush, 427. 

Button snakeroot, 444. 

Buttonwood, 294. 

Buttresses, bracing, 9, Fig. 10. 


Cabbage, 12, 16, 251; fruit, 160; head, 
37, 38, Fig. 69; Wilier pores, 299. 

Cacti, Fig. 371. 

Caffein, 271. 

Calamus, 328. 

gc 


Calcium, 76; oxalate, 271, 276. 

Calon^^ula 438. 

Calla, 328, Figs. 486, 487; infloresoenoQ* 
1.50; i:iy, 328, Fig. 486. 

Jtiopsis, 4-^0. 

Cadistephus, 4^3. 

Callus. 62. 

Oaltha, 358 

Calypogon, 342. 

C:lyptra, 197. 

Calyx: oiiter circle of flor. 1 envelopes, 
(2(»r'); lobes, (266). 

Cambium: the growing or nascent tissue 
lying between the xylem and phloem 
of the fibro-VHScular bundle (481), and 
therefore on the outside of the woody 
trunk, since the active fibro-vasoular 
bundles aie in the young outer tissues 
(72^ 62. 

Campanula, 430; capsule. Fig. 283. 

Campanulacese, 430. 

Campion, 354. 

Canada thistle, 19, 22, 242, 244, Fig. 
409. 

Candytuft. 368, Fig. 192. 

Canker, 92. 

Ganna, 18, Fig. 29. 

Cannabis, 348 

Canterbury boli, 430. 

Caoutchouc, 271. 

Caprifoliace©, 427. 

Capsella, 368. 

Capsicum, 410, Fig. 547. 

Capsule: compound pod, (316).'' 

Caraway, 399. 

Carbohydrate, 85. 

Carbon, 76, 82; dioxid, 77, 82. 

Cardamine, 367. 

Cydinal-flow'er, 431. 

OibUioBperrnum, 376. 

Carnation, 254, 255, 353; cutting, 26, 
Figs. 34, 36. 

Carpel: a simple pistil; one of the units 
of a compound pistil, (271). 

Carrot, 3, 33, 242, 243, 398, Fig. 410; 
umbel, 121. 122, Fig. 194. 

Carum, 399. 

Caryophyllace®, 353. 

Cassia, 385; flower, 146, Fig. 247. 

Castalia, 361. 

Castanea, 343. 

Castilleja, 407. 

Castor bean, 4, 271, 273, 362; germina- 
tiod, 171, 175, 178, Figs. 313-316. 

Castor-oil, 273; inclusions, 275, 276; 
plant, 352. 

Catalpa, pods, 160, Fig. 284; seeds, 168, 
Fig. 301. 

Catchfly, 364. 

Catkin: scaly-bracted deciduous spike <• 
with decUnous flowers, (252). 
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Catmint, 403. 

Catnip, 131, 243, 403, Figs. 213, 414. 
Cat-tail, 3; seeds, 168, Fig. 304; stems, 
285; swamp, 232. 

Caulicle: steinlet of the embryo, (332). 
Cedar, 326, 327, Fig. 485; and light, Fig. 
76; fruit, 164; and birds, 168; apple, 
192. 

Celandine, 265, 363. 

Celastrus, twiner, 115. 

Celery, 249, 399; cell, 265. 

Cell, 263; multiplication, 268, Figs. 442, 
443: -sap, 72, 76, 265; -wall, 88, 264, 

. 266, Fig. 267. 

Cellulose, 266, 271. 

Celtis, 347. 

Centaurba, 441, Fig. 559. 

Centrifugal: away from the center, (258), 
Fig. 199. 

Centripetal: toward the center, (258), 
Figs. 197, 198. 

Cephalanthus, 427. 

Cerastium, 355. 

Cerois, 351. 

Chamberlain, quoted, 303. 

Chamomile, 437. 

Chara, 266. 

Charcoal, 82. 

Charlock, 243, 366, 368, Fig. 413. 

Cheat, Fig. 412. 

Cheokerberry, 424. 

Cheeses, 147, 148, 244, 372, Fig. 248. 
Chelone, 406. 

Chenoppelium, Fig. 408. 

Cherifl^O, 251, 387, 388, Fig. 539; fruit, 
161; flttrescence, 123; phyllotaxy, 48; 
and birds, 168. 

Chess, 242, Fig. 412. 

Chestnut, 343; fruit, 155, Fig. 267; moi^- 
cious, 138; -oak graft, 28. ^ 

Chickweed, 242, 355, Fig. 516; mou.sc- 
ear, 355. 

Chicory, 435. 

Chinese sacred lily, 336, f'ig. 494. 
Chionanthus, 421. 

Chlorin, 76, 82. 

Chlorophyll, 83, 270. 

Chloroplast, 264. 

Choke cherry, 389. 

Choripetalse, 3^.2. 

Chromosome, 268. 

Chrysanthemum, 150, 151, 153, 438. 
Cichorium, 435. 

Cider, acid, 271. 

Cilia, 186, 266. 

Cinchona, 271. 

Cinquefoil, 386. 

Cion* the bud or branch used in grafting. 
(70). 

Girona, 397. 

Ciraiom, 441. 


Citric acid, 271. 

Cladophyllum: leaf-like branch, (225). 
Clasping: leaf partly or wholly surround- 
ing stem, (207). 

Claytonia, 371. 

Cleavers, 426. 

Cleft, 96. Cleft-graft, 29. 

Cleistogamous flowers: small closed self- 
fertilized flowers, (286). 

Clematis, 155, 287, 359; and light, Fig. 

77; tendril, 115, Fig. 178. 

Climate, and plants, 212; and variation, 
’238. 

Climbing, plants, 112; plants and light, 
4.3; stems, 14. 

Close fertilization: secured by pollen 
from same flower; self-fertilization, 
(278). 

Close-pollination, 134. 

Clotbur, 169, 230, 436, Fig. 565. 

Clover, 4, 7, 68, 221, 249, 251, 382, Figs. 
187, 527; bracts, 110, Fig. 173; chloro- 
phyll, 83; inflorcsren(?e, 120; roots, 
nodules on, 78; sleep of, 49, Fig. 85; 
pollination, 137. 

Cobea, 115. 

Cockle. 242, 354. 

Coco-grass, 244. 

Coffc*o, 135, Fig. 201; tree, 100. 

Cohosh, anther, 271. 

Coleus, 75, 287; c}iIorpph8rll,v84a’ culfHngs, 
23, 25, 26; cells, 2ei5^larfin, 86. 
Collateral, 288. * 

Collection, making a, 279. 

Collonchyina, 280. 

CoUinsia, 406. 

Collodion, 303, Fig. 476. ‘ * 

Colonies, 230. 

Color of foliage, 233. 

Coltsfoot, 442. V- 

Columbine, 358, fig. 517; fruit, 157. 

Columella, 188. 

Column: body formed of union of sta- 
mens and pistil in orchids, (300). 
Columnar trees, 64, Fig. 1 12. 

Commclina, 334. Commelinaceae, 334. 
Companion cells, 280. 

Compass plant, 50, 297. 

Complete flower: all parts present, (273). 
Complete leaf: having blade, petiole, 
stipyles, (200), Fig. 145. 

Compositffi, 150, 431. 

Compositous flowers, 150. 

Compound leaves, 95. 

Compound pistil: of more than one car- 
pel united, (271) 

Concentric, 288. 

Cone-flower, 438. 

Conical trees, 64. 

Coniferee, 271, 324. 

Conjugation, 186. 
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Connate, 97, Fig. 148. 

Convallaria, 334. 

Convolvulace®, 411. 

Convotvulns, 412; family, 411. 

Coral root, 90, 93, Fig. 132. 

Corallorhiza, Fig. *32. 

Cordate: heart-shapf'd, (.211). 

Coreopsis, 440. 

Cork oak, 294. 

Conn: a solid bulb-like pnrt, (82). 

Cormel: a conn arising from a mother 
corm, O-'S). 

Cormlet; ailriut (82;. 

Corn, 8, 11, 139, 212, 2.3, 2r,(\ 254, 271, 
279, 285, Figs. 14. 2.30. 2;!i. i27. 44." 
462, 454; ash in, 77; broom, 139, 250, 
Figs. 233, 429; field, 221, 227, Fig. 385; 
gonninaiion, 133. 13^. 135. 171, 173, 
175, 178. Figs. 317-321, 37.S; nonoe- 
ei«)u:.s l.i9. Fig. 230; North and South, 
212, Fig. 378; phyllotaxy, 48; roots, 7, 
296; stalk, 17; starch, 274, 275; s-tms, 
267; atomates, 301; syrup, 272; trans- 
piration in, 81 ; water in, 76; wilting, 81; 
as weed, 241. 

Corn-cockle, Fig. 181. 

Corn-flower, 442; flowers, 151, Figs. 256, 
559. 

Corolla: inner circle of floral envelopes, 
(265), 

Corpse plant, 425. 

Corydalis, 304. 

Corymb: short and broad, more or less 
flat-topped, indeterminate cluster, (254), 
Figs. 192, 103, 197. 

Corymbose inflorescence: outer flowers 
opening first; indeterminate, (248). 

Cosmo.s, 437. 

Cotton, 67, 147, 148, 249, 251, 271, Fig. 
115; fibers, 263. 

Cotyledon: seed-leaf, (332). 

Couch-grass, Fig. 27. 

Cowpea, 251, 384, Figs. 273, 532; nodules 
on root, 78. 

Cowslip, 358, 422. 

Crab-apple, 391. 

Cranberry, 424; high-bush, 429. 

Cranesbill, 373. 

Cratffigus, 392. 

Creeper: a trailing shoot which tuke.s 
root throughout its length, (56). 

Creeping stems, 14, Fig. 18. 

Crenate: .shallowly round-toothed, (212). 

Cress, fruit, 160; winter, 366. 

Crinkle-root, 367. 

Crocus, 4, 34, 35, 338, Figs. 52, 53, 497. 

Crops, 249. 

Cross-fertilization: secured by pollen 
from another flower, (278). 

Cross-pollination: transfer of pollen from 
flower to flower, (278). 


Cri'wfoot, 357; family, 355. 

Crown: that part of the stem at the sur- 
face of tlie ground, (37); -tuber, 32, 
Fig. 47 

v>‘uCi/erB;, iOO 365. 

Cryptogam' flowerlew plant, as idrn, 
mojs, lungLS, 185, 321, (353). 

Crystals, 275. Crystaloids, 2'# 5. 

Cucumber, 251, 287; collenchyma, 280; 
fruit, 162; pita, 267; root- pressure, 74* 
squirtii g, 167, 280; lendiils, Hi. 

Cudweed, 441. 

Cupuliterffi, 342. 

Currant, 395, Figs. .^40-542; bud, 

58; cuttings. 23, 26, Fig. 40; fruit, 160; 
stem, 294, l-ig. 466. 

Cuscuta, 412, Fig. 553. 

Cutting: severed piece of a plant designed 
to r"opaK»te the nlaut, (51), (el), 
Figs. 29, 33-41; hardwood, 26; sofb 
wood, 23. 

Cutting-bed, 25, big. 36. 

Cutting-box, 25, 29. 

Cutting sections, 303. 

Cycas, 301. 

Cyclamen, 265, 423. 

Cycloloma, 170. 

Cyclone plant, 170. 

Cydonia, 391. 

C 3 ’’me: broad, more or less flat-toppe*!, 
determinate cluster, (257), Figs. 196, 
199. 

Cymo.se inflorescence; central flowers 
opening first; determinate, (256), Fig. 
195. 

CyrioglosBum, 413. 

Cypress, swamp, Fig. 435; vine, 411, Fig, 
551. 

Cypripediu.'n, 340. 

Cystolith, 276. 

Cytoplasm, 26''. 

Daffodil, 336, 

Dahlia, 33, 271, 437; double, 161, 153. 
Fig. 2o7, 258. 

Daisy, 242, 244, 439; flowers, 150; ox-eye, 
438, Fig. 189; rays, 143; English, scape, 
125, Fig. 200. 

Dalibarda, 140. 

Dandelion, 3, 7, 13, 241, 242, 246, 434, 
Figs. 8, 275; fiowi^rs, 160; rays, 161; 
scape, 125; seeds, 168, Fig. 302; tissue, 
283. 

Darwin, quoted, 221, 240. 

Darwinism, 240. 

Date, seed, 271. 

Datura, 410, Fig. 275. 

Daucus, 398. 

Day flower, 334. 

Day-lily, 331, 332, Figs. 279, 491, 492. 

Deciduous: failing, (216), 
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Decompound, 96. 

Decumbent stems, 14. 

Decurrent: running down the stem, (207), 
Fig. 147. 

Dehiscence: opening of seed-pod or an- 
ther, (279), (312), 159. 

Deliquescent: trunk or leader lost in the 
branches, (40), Fig. 17. 

Delphinium, 359. 

Dentaria, 366; pod, 155, Fig. 266. 
Dentate: sharp-toothed, (212). 
Dependent plants, 90. 

Dermatogen, 279, 

Desert vegetation. Fig. 371. 
Determinate: definite cessation of growth 
at the apex, (256), Fig. 195. 

Deutzia, 61, 394. 

Devil’s paint-brush, 436. 

Dewberry, 20, 390, Figs. 30, 170; fruit, 
161. 

Dextrin, 271. 

Diadnlphous: in two groups, (297). 
Dianthus, 353, Fig. 515. 

Dicentra, 364. 

Dichogamy: stamens and pistils matur- 
ing at different times, (280). 

Diclinous: imperfect; having either sta- 
mens or pistils, (274). 

Dicotyledons, 342. 

Diervilla, 429. 

Digestion: changing of starchy materials 
into soluble and transportable forms, 
(183). 

Digitalis, 407. 

Digitate, 96, Figs. 140, 142, 144. 
Dioecious: staminato and pistillate flow- 
ers on different plants, (284). 

Dispersal of seeds, 166. 

Dissecting apparatus, 132, Figs. 215-217. 
Divergence of character, 221. 

Divided, 96. 

Dock, 3, 242, 243, 244, 350. 

Dockmackic, 429. 

Dodder, 91, 94, 116, 412, Fig. 553. 
Dodecatheon, 422. 

Dogbane, 419; family, 418. 

Dog’s-tooth violet, 330, Fig. 490. 
Dogwood, bracts, 110; osier, Fig. 5; tree. 
Fig. 383. 

Dormant buds, 54, Fig. 91. 

Double flowers, 153. 

Dragon-root, 327. 

Dragon’s head, false, inflorescence. Fig, 
185. 

Drupe: fleshy one-seeded indehiscent 
fruit; stone fruit, (320). 

Drupelet: one drupe in a fruit made up 
of aggregate drupes, (321). 

Dryopteris, 179, 324, Figs. 331, 332. 
Ducts, 263. 

Dusty miller, 354. 


Dutch case-knife bean, 178. 

Dutchman’s breeches, 364. 

Dutchman’s pipe, 116, 349; family, 348. 
Dwarf plants, 212. 

Earth parasites, 2. 

Echinospermum, 382. 

Echium, 415. 

Ecology: habits and modes of life of ani- 
mals and plants, (397 ). 

Egg-cell, 133, 187. 

Eggplant, 160, 410, Fig. 288. 

Eglantine, 390. . 

Elaboration, food, 82. 

Elater, 196. 

Elder, 4, 125, 282, 429; box, 47, Fig. 84; 

pith, 263; poison. Fig. 422. 
Elecampane, 442. 

Elliptic, 98. Fig. 151. 

Elm, 14, 64, 218, 222, 287, 346, Figs. 
507-509; flower, 130, 143; foliage, 65; 
fruit, 156; germination, 178; phyllo- 
taxy, 47, 48, Fig. 84; seed, 168; shoot, 
history, 57, 58, Figs. 96-100; trunk of, 
65. 

Elodea, 85, 265, 266, Fig. 439. 

Embryo: the plantlet in the seed, (332). 
Embryology, 106. 

Fimersed, 207. 

Emctin, 271. 

Enchanter’s nightshade, 397. 
Endodermis, 279. 

Endogenous stems, 285. 

Endosperm: food in the seed outside the 
embryo, (333). 

Entire: margin not indented, (212). 
Environment: surroundings; conditions 
in which organisms grow, (354), 212. 
Enzymes, 87, 277. 

Eo.sin for staining, 73. 

Epicotyl: that part of the caulicle lying 
above the cotyledons, (340). 

Epidermal tissue, 279, 283. 

Epidermis of leaf, 297. 

Epigsea, 425. 

Epigeal: cotyledons rising into the air 
in germination, (339). 

Epigynous: borne on the ovary, (307). 
Epilobium, 397. 

Epipactis, 341. 

Epiphyte, 11, 93. 

Equisetaceffi, 199. Equisetum, 199, 202, 
Fig. 369. 

Erect stems, 14. 

Ericaceae, 423. 

Erigenia, 399. 

Erigeron, 442, Fig. 560. 

Erythronium, 330, Fig. 490. 
Eschscholtzia, 362. 

Essential organs: stamens and pistils, 
(269). 
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Eupatorium, 444, Fig. 1?8. 

Euphorbia, 273, 276, 3.’>2. 

EuphorbiaceBB, 361. 

Eutropic: in the direction ot the aun’a 
course, (243), Fig. 179. 

Evening primrose, 3. 243, 396, Fige. 2^6, 
415. 

Evergreen: remainiiig green, (21C). 

Everlasting, 443. 

Evolution, 240. 

Excurreiit; the trunk or learler contin- 
ued through the iop, (30 j, Fig. 19. 

Exogenous utema, 286. 

pjxosmosis, 73. 

Exploai\^e fruits, 166. 

Exposijre, 215. 

ExpresHico ifi plants, 65. 

Fag()pyrura, 350, Fig. 513. 

Fagus, 343. 

Fall of leaf. 97. 299. 

False annual : perennial by means of bulbs, 
cor ms, or tubers, (13). 

Farm forestry, 258. 

Fastigiato trees, 64, Fig. 112. 

Fats, 271, 273. 

Fehling’s solution, 272. 

Fern, 18, 183, 206, 209, 224, 321, Fig. 479; 
Christmas, 179, 323, Figs. 331, 332; 
cinnamon, 322, Fig. 479; flowering, 322; 
lady, 323; maidenhair, 180, Fig. 336; 
marsh shield, 324; ostrich, .323; poly- 
pode, 180, Figs. 333, 334; royal, 322; 
sensitive, 322, 323, Fig. 337 ; sliield, 324; 
fronds, 179; in good and poor light, 42, 
Figs. 73. 74; discussed, 179, 198, 202; 
prothallus, 180, Fig. 339. 

Fertilization: impregnation of the ovule, 
(276). 

Fertilizer, 77. 

Fibrous tissue, 281. 

Fibro-vascular bundles, 283. 

Ficus elastica, 277, Fig. 447. 

Field crop, 249. 

Fig, climbing. Fig. 78. 

Figwort, 406; family, 404. 

Filament: stalk part of the stamen, (270). 

Filices, 321. 

Film, moisture, 76. 

Fir, 64. 

Fire-blight, 92. 

Fireweed, 230; purple, 397. 

Five-finger, 386. 

Flag, 338 ; garden, 299, Fig. 496 ; sweet, 328. 

Flagella, 266. 

Flax, 249, 250, 251, 271. 

Fleabane, 442. 

Fleur-de-lis, 338. 

Flora; plant population of a country or 
place; also a book describing this popu- 
lation. (355). 


Floral CD V lopes, 127. 

Florett ; individual flowers of composites 
and glasses, (303), Figs. 255~2rR 
F’rric”Uure. 330. 

llov,'er, parts of, 127; -branches, 118; 

-bun. 39; -Ju8ter,,118; -sif'm, 125. 
Foliage, 3, 65, 95. 

Follicle: dry, dehiscent pericarp opening 
u the i.ont so tire, (314). 

Footl olabt ratioii, 82. 

Food, reservoirs, 31; supply and variation, 
238. 

Forest. 256, Figs. 387-394, 398. 
Forg^t-nic-not, 414. 

Formalin, 303. Formic ac’d, 271. 

Forms of plants, 64. 

Forsythia, 61, 420. 

Foul-gas. 83. 

Foxglove, 407. 

Fragaiia, 387, Figs. 533, .534. 
Framework, 2, 67. Figs. 4. 

I'raxinus, 421. 

Froesia, 339, Fig. 498. 

Free-swimming, 207. 

Fringe-tree, 421. 

Frog spittle, 185. 

Frond; loaf of fern, (345). 

Fruit-bud, 39, Figs. 61, 62, 70, 71. 

Fruits, 155. 

Fuciisia, 17, 397; and light, 43; bracts. 
Fig. 172; cuttings, 25, 26; flower, 128; 
Fig. 205; in florescence, 119, Fig. 183; 
phyllotaxy, 48; water-pores, 299. 
Fumariaceas, 363. 

Fumitory, 364. 

Function of leaves, 95. 

Function: what a plant or a part does; 

its vital aotixities. 

Fundamental tissue, 283. 

Fungi, 91, 183, 187, 201, 263, 266, Figs. 

135, 137. 

Funiculus, 171. 

Funkia, 332, Figs. 491, 492. 

Funnelforni, 144, Fig. 240. 

Galanthus, 336, Fig. 495. 

Galium, 426; climbing, 112. 

Gall, 92. 

Gametophyte, 181, 201. 

Gamopetalte, 400. 

Gamopctalus: corolla of one piece, (267), 
Fig. 204. 

Gamosepalous: calyx of one piece. (267), 
Fig. 204. 

Gaultheria, 424. 

Gaylussacia, 424. 

Gemmee, 194. 

Generation: period from birth to death, 

( 8 ). 

Gentian, 417; family, 417. Gentianacee, 
417. 
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Geraniacese, 373. 

Geranium, 17, 287, 298, 301, 373, Figs. 
470, 472; chlorophyll, 83; cuttings, 23, 
25, 26, Figs. 33, 38, 39; family, 373; 
inflorescence. Fig. 195; and light, 43; 
starch in, 86. 

Germander, 402. 

Germination, 70, 171, 172. 

Geum, 386. 

Gherkin, 251. 

Gilliflower, 366. 

Gill-over-thc-ground, 403. 

Ginger, 18. 

Ginger, wild, 99, 349. 

Glabrous: not hairy. 

Gladiolus, 84, 35, 339, Figs. 54, 499. 

Glandular, 298. 

Glaucous: covered with a “bloom” or a 
whitish substance. 

Gleditschia, 381. 

Globe-flower, 390. 

Globoid inclusions, 275. 

Glomerule: dense head-like cyme, (257). 

Gloxinia, leaf-cuttings, 21. 

Glucose, 85, 271, 272. 

Glucoside, 271. 

Glume, 152. 

Gnaphalium, 444. 

Goat’s-beard, 434. 

Golden bell, 61. 

Goldenrod, 3, 150, 232, 233, 442. 

Goober, 141, 251. 

Gooseberry, 160, 395. 

Goose-grass, 426. 

Gourd, 251; collenchyma, 280. 

Graft: a branch or bud made to grow 
on another plant, 27, (60), Figs. 32, 
42-44. 

Grafting-wax, 29. 

Grape, 282; cane. Fig, 460; crystals, 275, 
276; cuttings, 23, 26; fruit, 160, Fig. 
176; hyacinth, 331; leaves, 100; root, 
Fig. 467; sugar, 272; tendrils, 114, 117, 
Fig. 176; sap-pressure, 74; .syrapode. 
Fig. 180. 

Grass, 17, 231, 232, 249; flowers. 151; 
blue-eyed, 338; leaf. Fig. 150; family, 
152; pink, 342. 

Grasses, 285; leaves of, 98, 102; phyllo- 
taxy, 49; pollination, 138; roots of, 7; 
starch, 274. 

Grass of Parnassus, 394. 

Gratiola, 407. 

Greek valerian, 417. 

Greenbrier, tendril, 115; stem, 285. 

Grom well, 414. 

Ground cherry, 409, 

Ground ivy, 403. 

Ground-nut, 385. 

Guinea squash, 410. 

Oum-resin, 271, 273. 


Gymnosperm: seed naked (not in an 
ovary); applied to pines, spruces, etc., 
(326), 324. 

Habenaria, 341. 

Habitat: particular place in which a plant 
grows, (355). 

Habit: the looks, appearance, general 
style of growth, (36). 

Hackberry, 347. 

Hair-gra.s8, 170. 

Hairs, 298. 

Halophytic societies, 228. 

Harbinger of spring, 399. 

Hardback, 392. 

Hardwood cutting, 26. 

Harebell, 430. 

Haustoriu, 91, Fig. 137. 

Hawkweed, 244, 436. 

Hawthorn, 108, 392; -pear graft, 27. 
Hazel, 138. 

Head of tree, form of, 65. 

Head: short, dense spike, (251), Figs. 

187, 188, 197. 

Heart-seed, 376. 

Heart’s-ease, 369. 

Heath, 93; family, 423. 

Hedeoma, 401. 

Hedera helix, 277, 287, 300, Fig. 468. 
Hedge hyssop, 407. 

Helianthus, 439. 

Heliotrope, 413. Heliotropium, 413. 
Heliotropism : turning toward the light, 
( 101 ). 

Hematoxylin, 266, 303. 

Hemerocallis, 331. 

Hemlock, 213, 271, Fig. 484; poison, 247; 

water, 247. 

Hemp, 249, 251, .348. 

Henna root, 273. 

ITepatica, 156, 233, 356. 

Herb, 3. 

Herbaceous: not woody, (11); perennial, 
3. 

Herbarium, 311, Fig. 478. 

Herb Robert, 374. 

Herbicides, 246. 

Heredity, 239. 

Hctorcecism, 192. 

Hibiscus, 62, Fig. 152. 

1 Hickory, 50, 155; bud, 39, 111, Figs. 63, 

[ 64, 87 ; inflorescence, 121; leaf-scars, 37; 

I monoecious, 138. 

Hieracium, 436. 

Hilum, or seed-scar, 171. 

Hip: fruit of the rose, (323), Fig. 292. 
Hobblebush, 429. 

Hog-peanut, 140, Fig. 238. 

Hollyhock, 4, 372; flower, 136, 147, 
148, 153, Figs. 222, 223, 263; cells, 
I 265. 
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Holly, phyllotaxy, 48; tree, Fi?. 380; 
atomatea, 299. 

Honesty fruit, 160. 

Honey locust, 381; buds, 37; leaf, 100; 
thorns, 108; tree, FI;:;. 117, 

Honeysuckle, 62, 42S, Fij;. 554; buds, 37; I 
family, 427; leaves, Fig. 148; piiyllo- 
taxy, 48; swamp, 125; Tartarie.n. .i7, 
53; twiner, 115. 

Hop, 115, 116, 251, 348. Fip 179. 

Hop clovm. 383. 

Horehouiid, 403. 

Horse-chestnut, 377; bud, IlC', 11'.; fruit, 
Fifr. 277; perminatiou, 178: inflores- 
cence, 123; leaf, 99; loaf'scjtr, 3V. 

Horse-rain t, 400. 

Hor.'.e-rad’.sh, 307. 

Horsotails, 199, T'^ig. 30)0. 

Horn ‘-weed, 443, Fig. .500. 

Horticulmnil crop, 249. 

Host, 78. 01. 

Hound’s tongue, 160, 213, 413. 

House-leek, 20; phyllotaxy, 48. 

Houatonia, 127. 

Huckleberry, 424; anther, 135. 

Humulus, 348. 

Humus, 210. 

Hyacinth, 35, .331; cry-stal.-, 276; grape, 
331; inflorescence, Fig. 180; .scape, 126. 

Hydrangea, 02, 125, 131, 304; doubling, 
153. 

Hydrogen, 76, 82. 

Tlydrophyllaceae, 415. 

Hydrophytic .society, 228, Fig. 395. 

Hypericaoea*, 370. 

Hypericum, 371. 

Hyphffi, 01. 188. 

Hypocotyl: that part of the caulicle 
lying below’ the cotyledons, (338). 

Hypogeal: cotyledon.s remaining beneath 
the ground in germination, (339). 

Hypogynous; borne on the torus, or un- 
der the ovary, (307). 

Hypoxis 337 

Iberis, 368. 

Immersed, 207. 

Impatiens, 375; collenchyma. Figs. 449, 
.521, 522; wator-pores, 299, 301; seeds, 
166. 

Imperfect flower: having either stamens 
or pistils, (274). 

Inclusions, 275. 

Indehiscent: not opening, (312). 

Independent plants, 90. 

Indeterminate: growing on from the apex, 
(248). 

Indian hemp, 419. 

Indian pink, 431. 

Indian pipe, 90, 425. 

Indian tobacco, 431. 


Indian turnip, 149, 327. 

Indip-rubber plant, 271, 276, 297, Fig. 
447. 

India wheat, 550. 
lnd :^o, 271; laN-, 383. 

Indusiwm. 1'’9, Fig. 33P. 

Inferio.. 152. 

Infloreaceace : mode of flower-bearing; 

less pror^erly, a flower-cluster, (260). 
In.iocencc, 106. 

Insects and flowers, 136, Fig. 227. 

Tnula, 442. Tnulin, 271. 

Involucre: a whorl of small Ivivea O” 
bracts standing clo.^e underneath a 
flower or flower-cluster, (299). 

Iodine test for starch, 8^*, 274. 

Ipecac, 271. 

Ipom(Ba, 411, Figs. 551, 552. 

Iridacear. 337. 

I Iris, 338, Fig. 496; cells, 265; family, 337; 
loaf, 297: ‘dema, 285. 

Iron, 76. 

Ironwecd, 445. 

Irregular flow’cr: some parts in one series 
different, (275). 

Irrigation, 215. 

IsoiHcs, 200, 202, Fig. 370. 

Ivy. 10, 100, 113, 277, 287, 292, 297, 299, 
.300. Figs 174, 468. 471; Boston. 100, 
1’3, Fig. 155; Kenilworth, 405; Fig 
545; poison, 11, 113, 247, Fig. 421. 

Jack-in-the-pulpit, 149, 276, 327, Fig. 251. 
.Jacob’s ladder, 417. 

Jamcstown-weod, 410. 

.Japan quince. 97, 392. 

Japan rose, 390. 

Jeffersonia, 360. 

Jeru.salem uifichoke, 439. 

Jewel-weed, 166, 230. 280, 375, Figs. 449, 
521, 522. 

.Jim.son-weed, 243, 410, Fig. 275. 

Joe Pye w'ecd, 444. 

Johnny-jump-up, 369. 

John.son-grajs, 244. 

Jonquil, 33vi. 

Judas tree, 381. 

Juneberry, ,391 ; and birds, 168. 
Juno-graas, 241. 

Juniper, l(i4, 326. 

Kafir, 139, 250, Fig. 234. 

Kale, 251. 

Kalraia, 42,5. 

Karyokinesis: indirect division or trans- 
formation of the nucleus, being one 
means of cell multiplication; mitosis, 
269, (448). 

Kentucky coffee tree, 100, 

Kerria, 390. 

Key-fruit, 156, 
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Kinghead, 243. 

Knotweed, 130, 143. 351. Fig. 210. 
Kohlrabi, 33, 261, Fig. 48. 

Labiates, 144, 400. Labiate, 144. 
Laboratory advice, 301; table. Fig. 
477. 

Lactuoa, 435. 

Lady’s-fllipper, 148, 340, Fig. 260. 
liadies’ tresses, 341. 

Lady’s thumb, 351, Fig. 614. 

Lake-cress, 21, 

Lambkill, 425. 

Lanceolate, 99. 

Landscape and plants, 210. 

Lappula, 413. 

Larch, 326^ Figs. 462, 463; European, 
326. 

Larix, 326. 

Larkspur, 4, 359; flower, 137, Figs. 224- 
226; fruit, 157, Figs. 269, 270, 

Lateral flowers, 119, Fig. 182. 

Lathynis, 263, 381. 

Laticiferous tissue, 282. 

Laurel, 425. 

Layer: a branch which takes root and 
gives rise to an independent plant. 
(55). 

Layers of branches, 56, Figs. 93, 94. 

Leaf, bud, 39, Figs. 70, 71; -cutting, 21, 
27, Fig. 41; fall of, 299; how to tell, 103; 
-spot, 92; parts of, 97. 

Leaflet: one part in a compound leaf, 
(204). 

Leaf-scars, 37, 300, Fig. 57. 

Leaves, arrangement of, 47; fall of, 299; 
general account, 95; polar, 50; propa- 
gation by, 21; sleep of, 49; structure, 
297. 

Legume: simple pericarp dehiscing on 
both sutures, (315). 

Ijegumino88B, 78, 146, 157, 379. 

Lemon, acid, 271. 

Lens. 132, 248; stand for. Figs. 214, 
425. 

Lenticels, 294. 

Leonurus, 403. 

Lepidium, 368. 

Lespedoza, 251. 

Lettuce, 435; wild, 60, 243, 435, Fig. 

86 . 

Leuoojum vemum, 337. 

Liatris, 444. 

Lichen, 94, 183, 193, 209. Fig. 373. 
Licorice, wild, 426. 

Life-history: sum of the events in the 
life of a plant, (7). 

Light and plants, 42, 223, Figs. 73-78, 
81-85. 

Ligneous: woody, (11). 

Lignin, 266. 


ligule of isoetes, 201. 

Ligustrum, 421. 

Lilac, 4, 61, 420, Fig. 72; bud. 111; inflo- 
rescence, 125; phyllptaxy, 48; stomates, 
299. 

Liliaceffi, 145, 146, 328. 

Lilium, 329, Figs. 488, 489. 

Lily, 4, 20, 329, Figs. 488, 489; bulb, 33; 
calla, [328, Fig. 486; day-, 331, 332, 
Figs. 279, 491,492; Easter, 330; family, 
328; germination, 133; leaves, 102; 
stomates, 301; tiger, 21, 33, 330, Fig. 
31; straw, 332; Turk’s-cap, 330, Fig. 
489; water-, 3, 98, 205, 207, 361; wild 
orange-red, 3.30; wood, 330. 
Lily-of-the-valley, 18, 334. 

Linaria, 405, Figs. 544,. 545. 

Linear, 98, Fig. 150. 

Linnseus, 308. 

Lipped, 144. 

Lithospermum, 414. 

Liverleaf, 356. Liverworts, 193, 201. 
Lobed, 96, 100, Fig. 143. 

Lobelia, 431; family, 431. Lobeliacefle, 
431. 

Ijocule: compartment of a pistil, (310). 
I.<oculicidal: dehiscence between the par- 
titions, (317). 

Locust, 380; buds, 37; honey, tree. Fig. 
117; prickles, 109; seed, 160; sleep of, 
49; thorns, 108. 

Lodicule, 152. 

Lonicera, 428, Fig. 554. 

Loosestrife, 423. 

Loquat, 251. 

Lotus, starch, 274. 

Lucerne, 383, Fig. 529. 

Lungwort, 414. 

Lupine, 384. 

Lupinus, 384. 

Lychnis, 354. 

Lycopersicum, 410. 

Lycopus, 400. 

Lysimachia, 423. 

Madura, 347. 

Macrospore, 182. 

Madder family, 426. 

Magnesium, 76. 

Maianthemum, 333. 

Maidenhair, 180, 323, Fig. 336. 

Maize, 3, 8, 11, 48, 139, 152, 171, 175, 
250, Figs. 9, 14, 230, 231, 317-321. 
Malic acid, 271. 

Mallow, 147, 148, 244, 372, Fig. 248; 

family, 372. 

Maltose. 272. 

Malva. 372. 

Malvacese, 148, 372. 

Mandrake, 18, 361. 

Mangrove. 12, 20, Fig. 16. 
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Maple. 14. 47, 64, 67, 218, 241, 273, 376, 
Figs. 79, 80, 523-526; branching, 56; 
buds, 37, 39, 40, 41, 111; family, 375; 
flcmrering, 373; foliage, 6o; fruit, 156; 
germination, 178, Fijrs. 323-330; leaf. 
Figs. 143, 157 ; loaf-5»car, 37 ; phyllotaxy, 
48; sap-pressure, 74; seed, 168; Jrunk, 
65. 

Marchantia, 103, 197, 202, Figs. 358- 
364. 

Mare’s-tail, 443, Fig. 560. 

Marigold, ui..rKh, 358; pot, 438. 
Marrubium, 403. 

Marsh-cress, 367. 

Marsh mallow, 148, 372. 

Marsh marigold, 358. 

Matthiola, 36li. 

May-apple, 18, 22, 361; an+'/or, 135. 
Mayflowe*', 356, 425 
Maypop, 162. 

Mayweed, 230, 243, 438, Fig. 417. 
Meadow grass, 3. 

Meadow rue, 357. 

Meadow-sweet, 392. 

Medicago, 383, Fig. 529. 

Medick, 383. 

Medlar, 251. 

Medullary rays, 278, 286. 

Melilotua, 383, Fig. 528. 

Melon, 251; fruit, 162; tendrils, 114. 
Menispermuin, stern, 287, 289, 294. 
Mentha, 401, Fig. 543. 

Meristernatic, 278. 

!Mermaid-wecd, 208. 

Alcrtensia, 414. 

Mcsophyll, 272, 297. 

Mesophytic society, 228, Fig. 396. 
Micropyle, 171. 

Microscope, slides. Fig. 476. 

Microspore, 182. 

Alicrotome, 303. 

Midrib, 96, 98. 

Alignonettc, inflorc.scence, 120. 

Mildew, 91, 189, 190, Figs. 348-3,51. 

Milk thistle, 435. 

Milkweed, 418; family, 417; fruit, 157, 
Fig. 271; seeds, 168, Fig. 303; tissue, 
283. 

Milkwort, 378; family, 378. 

Alillet, 152, 250, Fig. 162. 

Alilo, Fig. 234. 

Mimulus, 407, Fig. 546. 

Mineral nutrients, 69, 75. 

Mint, 401; family, 400; phyllotaxy, 48. 
Mistletoe, 93, 94, 299. 

Mitchella, 427. 

Mitella, 394. 

Mitosis, 269. 

Mitrewort, 394; ialse, 393. 

Mixed buds, 40; flower-clusters, 123. 
Moccasin flower, 340. 


Mock orange, 62, 395. 

Mock pennyroyal, 401. 

Monadelphous iu one group, (297). 
Moneywort. 423. 

Moi.i fty -flower, 4^7, Fig. 546. 

Alonooo' yledens, 102, 3?7. 

Monujci -as; staininate and pistillate 
flowers Oil the same plant, (284). 
Monopodiaj!* axial growth continued by 
growth from terminal bud or persis- 
tence of tl e leader, 117. 

Monotiopa, 425. 

Moonflower, 115, 411, Fig 552. 
M'lonsecd, stem, 287, 291, Figs. 455-457. 
Moose- wood, 377. 

Morning-glory, l.i, 411, 4‘'2, family, 94; 

flower, 144, Fig. 240; twiner, 115, 116. 
Morphin, 271. 

Morpholo'-y, 105. 

Morua, 347, Fig. 511. 

Mosses, 94. 183, 196, 201, 209, 234. 
Motherwort, 403. 

Mold, 90, 187, 188. 

Mountain-asli, 391. 

Mounting sections, 303. 

Mucilage, 27). 

Muck, 210. 

Mucor, 188, Figs. 344-347. 

Alulberry, flowering, 389; leaves, 100; 
shoot, Fig. 88; white, 348, Fig. 511; 
wild, 347. 

Mullein, 3, 15, 243, 405, Fig. 22; hairs, 
298; inflorescence, 120; leaf, Fig. 147; 
pink, 354. 

Muscari, 331. 

Muscuh, 271. 

Mushroom, 90, 187, 247. 249, Figs. 133, 
134, 419, 420. 

Muskmelon seedlings, Fig. 156. 
Musquash-root, 247. 

Mustard, 243, 2'", 251, 365, Fig. 518; 
family, 365; fruit, 160; inclusions, 275; 
pod, 15.5. 

Mycelium: vegetative part of a fungus, 
(194), 188, ^^'ig. 137. 

Mycorrhiza, h3. Fig. 132, 

Myosotia, 414. 

Myrtle, 419. 

Myxomycetes, 266. 

Nagelia, 298. 

Naked flower: no floral envelopes, 
(273). 

Narcissus, 35, 336; double, Fig. 494. 
Nasturtium, 374; flower, 131, Fig. 211; 

leaf. Fig. 140; tendril, 115. 

Natural selection, 240. 

Nectarine, 237. 

Nectary, 137. 

Needle for dissecting, 132, Fig. 215. 
Nepeta, 403. 
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Nerium, 419. 

Netted-veined, 95. 

Nettle, 230, 348; acid, 271; cells, 265; 

family, 345. 

Nettle-tree, 347. 

Nicotiana, 411, Fig. 550. 

Nicotin, 271. 

Nightshade, 276, 409; family, 408. 
Nine-bark fruit, 157. 

Nitella, 266. 

Nitrogen, 76, 82, 249. 

Node; a joint; the space between two 
joints is an internodc. 

Nodules, 78, Figs. 126, 127. 

Nucleolus, 264. 

Nucleus, 186, 263. 

Nut-gmss,' 244. 

Nutrient, water as, 76. 

Nux vomica, 271. 

Nymphffiaceae, 361. 

Oak, 14, 93, 233, 271, 286, 287, 343, Figs. 
500-506; branching, 56; -chestnut 
graft, 28; expression in, 66; family, 
342; inflorescence, 121, Fig. 228; mon- 
CBcious, 138; poison, 248, Fig. 423; 
transpiration in, 70; where grows, 
207. 

Oakesia, 332. 

Oats, 250, Fig. 426; infloresetmee, 121, 
152, Fig. 191; lodged, Fig. .382; roots, 
7; seed, 172; starch, 274, 275. 

Oblong, 98, Fig. 149. 

Obovate, 99. 

Obtuse: blunt, (211). 

OScology: see ecology. 

(Enothera, 396. 

Offset: a plant arising close to the base 
of the mother plant, (56). 

Oils. 271, 273. 

Okra, 148. 

Old-hen-and-chickens, 20. 

Old-man vine, 359. 

Olcaceso, 420. 

Oleander, 419; leaf, 297. 

Olericulture, 250. 

Olive, family, 420; fruit, 161. 

OnagracesB, 397. 

Onion, 4, 271, 276, 277; bulb, 33, .34, .35, 
Figs. 49-51; cells, 264; germination, 
178. 

Onoclea, 322. 

Oogonia, 187. 

Oospore, 187. 

Operculum, 198. 

Ophioglossaeeee, 198. 

Ophioglossum, 198, Fig. 368. 

Opium, poppy, 271. 

Opposite leaves, 47. 

Orange, mock, 62, 395; osage, 48, 108, 
347, Fig. 510. 


Orbicular, 99, Fig. 153. 

Orchid, 271, 341; epiphytes, 11, 94; fam- 
ily, 339; flowers, 143, 148, Fig. 250; 
leaves, 102; roots, Fig. 13; stems, 285. 
Orchidacese, 339. 

Orchis, 341. 

Ornithogalum, 331. 

Osage orange, 48, 108, 347, Fig. 510; 

phyllotaxy, 48. 

Osier, 4; dogwood. Fig. 5. 

Osmorrhiza, 399. 

Osmosis, 71, Figs. 123, 124. Osmotic 
pressure, 72. 

Osmunda, 322, Fig. 479. 

Oswego tea, 400. 

Ovary: seed-bearing part of a pistil, 
(272), Fig. 209. 

Ovate, 99, Fig. l.'>2. 

Overgrowth, 232. 

Oxalic acid, 271. 

Oxalis, 49, 166, 374, Fig. 300. 

Ox-eye daisy, 438, Fig. 189. 

Oxygen, 76; liberation of, 77, Fig. 130. 
Oyster plant, 434. 

P»onia, 358. 

Paint-brush, 244. 

Painted cup, 407. 

Palet, 152. 

Palisade cells, 297. 

Palisades of Hudson, Fig. 372. 

Palm, 15, 65, Fig. 113; choked by fig, 
Fig. 78. 

Palma Christi, 352. 

Palmate, 96, Fig. 140. 

Panicle: brandling raceme, (253). 
Panicum, 170. 

Pansy, 370; flower. Fig. 212. 

Papaver, 271, 362. Papaveraceie, 362. 
Paper bamboo, forest. Fig. 4.37. 
Papilionaceous flowers, 146, Fig. 245. 
Pappus: peculiar calyx of composites, 
(304). 

Paraffin, 303. 

Parallel-veined, 95. 

Paraphyse, 197. 

Para.site, 90, 200, Figs. 131, 136; vs. 
graft, 22. 

Parenchyma, 266, 278, 297. 

Parnassia, 394. 

Parsley, 121, 399; family, 397. 

Parsnip, 3, 33, 121, 398. 

Parted, 96. 

Partridge-berry, 427. 

Passion flower, 162. 

Pastinaca, 398. 

Pea, 3, 79, 97, 247, 250, 381, Fig. 426; 
black, 384, Fig. 532; everlasting, 166, 
381, Fig. 272; experiment in respira- 
tion, 89; flowers, 146, Fig. 206; germi- 
nation, 171, 173, 174, 178, Fig. 322; 
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legume, 157; nodules or root, 78; pistil, 
129, Fig. 206; stock, 384, Fig, o32: 
sweet, 254, 2C3, 381, Fig 245; tendril, 
114, Fig. 177. 

Peach, 2, 32, 251, 27l, 2S7, 387, 388, 
Figs. 105, 431, 47b. 535; bud, 37 39, 
40, 41; cry,stals, 276; fruit, 161; foliage, 
66; family, 379, iuclusions, 275; leaf, 
99; phyllotaxy, 48, and nectarine. 237; 
pruning. Figs. 103, 105, 101.. 

Peanut, HI, 157, 251, Figs. 23'. 238, 
274, 430. 

Pear, 251, 272, 391; bud, 30. 39, 40, 
HI. 1^'igs. .50, 61, 62, 65-67, 70; dis- 
eases of, 92; fruit, 162, 266, Fig. 293; 
form of, 68, Figs. 118, 119; inflo- 
resr imco, 123, Fig. 196; U at- 3 c»r, 37; 
phyllotaxy, 48; -uuincc graft, 27; 
Bclerenohyma, 282; thorns, lOS. 

Peat, 210. 

Pedicel: stem of one flower in a cluster, 
(261). 

Peduncle: stem of a flower-cluster or of a 
solitary flower, (201). 

Pelargonium, 374. 

Peltate: attached to its stalk inside the 
margin, (209), Figs. 135, 140. 

Pentaraerous: in S’s, (291). 

Pentstemon, 400. 

Peony, 358; fruit, 157; stornates, 299. 

Pepo: fruit of pumpkin, squash, etc., (325). 

Pepper-grass, 243, 308. 

Pepper, red, 4, 410, Fig. 547. 

Peppermint, 401. 

Pepper-root, 367. 

Perennial; of three or more seasons’ 
duration, (10). 

Perianth: floral envelopes of lily-Iiko 
plants (more properly of monoooty- 
iedonous plants), (295). 

Periblem, 279. 

Pericarp: ripened ovary, (311). 

PcrichsBtia, 197. 

Perigynous: borne around the ovary, 
(306). 

Peristome, 198. 

Perithecium, 190. 

Periwinkle, 419. 

Persimmon, 271. 

Persistent: ren-aining attached, (216). 

Personate, 145, Fig. 243. 

Peruvian bark, 271. 

Petal; one of the separate leaves of a 
corolla, (266), Fig. 209. 

Petiole: leaf-stalk, (206), 

Petiolule: stalk of a leaflet, (208). 

Petunia, 410, Figs. 648, 549. 

Phaseolus, 384, Figs. 530, 531. 

Phellogen, 293. 

Phenogam: seed-bearing or flowering 
plant, (353), 324. 


riiiladelphus, 395. 

Phloem, 283. 

Phlox, HI, 233, 416, Pig. 241; lamUy, 

^ 16 . 

Phosphorus, 76 

i Photosviithrsii: the making of orgauio 
matter from CO a and water, in the 
presence of light, (177, 178). 

Ph 3 'Uodiun.. Jeaf-like petiole, (226), Fig. 
163. 

Phyllotaxy: arrangement of leaves and 
fiovvers on the stem, (112). 

Physalis, 409. 

Physostegia, infloi'escence. Fig. 185. 

Picea, 325, Fig. 183. 

Pie-plant, 330. 

Pigeon-grass, ^43 

Pigweed, 3, 67. 239, 24? 243, Figs. 

406, 408, 411. 

Pine, 15. 93. 102, 232. 249. 281, 394. Figs. 
10, 19, 421 123, 4.51, 402, 481, 482; aud 
cone, Fig. 299; foliage Fig. 158; gtr- 
nination, ?71; and light, 44; needles, 
102; pollination, 138; shoot, Fig. 158; 
stem, Figs. 461, 466; trees, Figs. 388, 
390; wood structure, 267, Fig. 440. 

Pine-sap, 425, 426. 

Piney, 258. 

Pink, 4, 159, 353; family, 353; fire, 354; 
grass, 342; wild, 364. 

Pinnse, 321. J^inuules, 321. 

Pinnate, 95, Pig. 141. 

Pinnatifid, 97. 

Pinus, 324, Figs. 481, 482. 

Pinxter flower, 425. 

Pistil: ovule-bearing or w ed-bearing or- 
gan, (271), Figs. 206-209. 

Pistillate: having pistils and no stamens, 
(274), Figs, iUO, 229, 230. 

Pisum, 381. 

Pitchforks, 440, Pig. 558. 

Pits, 267. 

Plane tree, leaf-scar. Fig. 474. 

Plankton, 207. 

Plantain, 243, infion^sccnce, 120. 

Plant-breeding, 240. 

Plant-food, defined, 69. 

Plant society, 228. 

Plasitid, 263, 264. 

Plerome, 279. 

Pleurisy root, 418. 

Plum, 20, 251, 254, 387, 388, Figs. 537, 
538; blossom, 162, Fig. 209; bud, 39; 
drupe, 161, Pig. 289; phyllotaxy, 48; 
pollination, Fig. 218; thorns, 108. 

Plumule: bud in the embryo, (332). 

Plur-annual: of one season’s duration 
because killed by frost, (14). 

Pod: dehiscent pericarp, (312). 

Podophyllum, 361. 

Pogonia, 342. 
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Poinsettia, 352; bracts, 110; starch, 273, 

274. 

PoiBonouB plants, 247. 

Polarity, 50. 

PolemoniacesB, 416. 

Polianthea, 337. 

Pallards, 56, Fig. 92. 

Pollen germinating. Figs. 218, 219. 

Pollen: spores borne by the stamen, 
(270), 133, Figs. 218, 219. 

Pollination: transfer of pollen from sta- 
men to pistil, (278). 

Pollinium: pollen in a coherent mass, (301). 

Polyanthus, 422. 

PolygalaoecB, 378. 

PolygonacjBCB, 349. 

Polygonatum, 334. 

Polygonum, 351, Fig. 514; climbing, 112. 

Polyhedral, 263. 

Polypetalous: corolla of separate parts or 
petals, (267). 

Polypode, 180, 323, Figs. 333, 334. 

Polypodium, 180, 323. 

Polyporus, Fig. 135. 

Polyscpalous: calyx of separate parts or 
sepals, (267). 

Polystichum, 323. . 

Polytrichum commune, 196, Figs. 365-367. 

Pome: fruit of apple, pear, etc., (324). 

Pomology, 250. 

Pond-lily, 361. 

Poplar, 231; bud, 36; cuttings, 26; 
dioecious, 138; inflorescence, 121; 
Lombardy, 04; phyllotaxy, 48; seeds, 
168. 

Poppy, 326; family, 362; opium, 271, 
362. 

Pores, 79, 83, 88. 

Portulaca, 159, 371; fruit, Fig. 280, 

Portulacacese, 371. 

Potassium, 76. 

Potato. 4, 16, 19. 32. 35, 68. 77, 160, 249, 
251, 254, 409, Fig. 24; cells, 205; 
cuttings, 23; flower, 144, Fig. 242; 
inclusions, 275; phyllotaxy, 49; sprouts, 
31, 84, 90, Fig. 45; starch, 31, 274, 
275, Fig. 42; stem, 287; sweet, 16, 32, 
Fig. 204; -tomato graft, 28. 

Potentilla, 386. 

Pot marigold, 438. 

Prickles, 109, Figs. 169, 170. 

Prickly ash, 109, Fig. 169. 

Prim, 421. 

Primrose, 422; family, 422. 

Primula, 298, 422. Primulacece, 422. 

Prince’s feather, 361. 

Privet, 62, 421. 

Promycelium, 191. 

Propagation by buds, 21; leaves, 21; 
rhisomes, 18; roots, 19. 

Prosenchyma, 280. 


Proserpinaca, 208. 

Proteids, 271. Protein, 271. 

Proterandrous: anthers maturing first, 
(280). Fig. 222. 

Proterogynous: pistils maturing first, 
(280). . 

Prothallus, 180, Fig. 339. 

Protococcus, 263. 

Protonema, 198. 

Protoplasm, 70, 88, 186, 263. 

Prunella, 402. 

Pruning, 59, 60. 

Prunus, 387, Figs. 535-539. 

Pseud-annual: perennial by means of 
bulbs, corms, or tubers, (13). 

Ptcridophyte, 183. 

Pteris, 267, 289, 323, Fig. 456. 

Puccinia, 190, 192, Figs. 352-367. 

Puccoon, 414. 

Pulse family, 379. 

Pumpkins, 251, 289; and collcnchyma, 
280; corn, 221, Fig. 385; flower, 144; 
fruit, 162; germination, 174; hairs, 298; 
leaf, 100; roots. Fig. 121. 

Purslane. 159, 241, 242, 243, 371; family, 
371. 

Pusley, 371. 

Pussies of willow, 121, Fig. 60. 

Pyrus, 391. 

Pyxis: pod opening around the top, (317), 
Fig. 280. 

Quack-grass, 18, 19, 242, 244, Fig. 27. 

Quercus, 343, Figs. 500-506. 

Quillwort, 200. 

Quince, 251, 271, 391; fruit, 162; Japa- 
nese, 97; -pear graft, 27. 

Quinin, 271. 

Raceme; simple elongated indeterminate 
cluster with stalked flowers, (249), 
Figs. 184, 197. 

Radicula, 367. 

Radish, 7, 12, 17, 33, 69, 70, 75, 368, Figs. 
11, 120; and light, 43, Fig. 75; fruit, 
160. 

Ragweed, 209, 230, 233, 243, 430, Figs. 
416, 666. 

Ranunculaceee, 355. 

Ranunculus, 357. 

Rape, 251. 

Raphanus, 368. 

Raphe, 172. 

Raphides, 276. 

Raspberry, 20, 21, 251, 389; and birds, 
168; fruit, 160, 161, Fig. 290; leaf. Fig. 
142; pruning. 61, Figs. 106, 107. 

Rattlesnake plantain, 341. 

Rattlesnake-weed, 436. 

Ray: outer modified florets of some com- 
posites, (305). 
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Receptacle, 128; of liverwort, 194; of 
moss, 197. 

Receptive stigma, 134. 

Redbud, 381. 

Redroot, 242, Figs. 406. 411. 

Regular flower: the parts in each series 
alike, (275). 

Reinforced fruit: otlu*r parts grown to 
the pericarp, (3ll), IGl. 

Reniform, 99. 

Respiration: taking ir. O, ’giving off 
CO 2 , 82. ri87); in seeds, 173. 

Resting bud, 3C, 01. 

Resting-sporc, 186. 

Rheum, 350. 

Rheumatism root, 360. 

Rhizoid, 186. 

Rhizome: underground stoT^; roctotock, 
(44), Figs. 22-24, 27-29; propaga- 
tion by, 18; starchjn, 31. 

Rhododendron, 425; anther, 135. 

Rhodora, 425. 

Rhubarb, 3, 45. 350, Figs. SI, 82; bud. 
36. 

Rhus, Figs. 421, 423. 

Ribbon grass, 86. 

Ribes, 395, Figs. 540-542. 

Rice, 152, 249, 250; starch in, 274, 275. 

Richardia, 328, Fig. 480. 

Ricinus, 352. 

Rings of annual growth, 111. 

Robinia, 380; spines, 109. 

Robin’s plantain, 443. 

Rock cress, 306. 

Root, 2, 7, 09, Fig. 120; action, 69; a6rial, 
10, Figs. 12-14; climbers, 112, Fig, 174; 
cutting, 20; growth, Figs. 25, 26; -hairs, 
9, 69, Figs. 11, 121, 122, 125; -pressure, 
73, 81; propagation by, 19; structure, 
69, 295; system, 7; tubers, 32. 

Rootlets, 69, Figs. 120, 12.5. 

Rootstock: subterranean stem; rhizome, 
(44); propagation by, 18. 

Rosa, 390. 

Rosaces, 385. 

Rose acacia, 62, 380. 

Rose, 4, 249, 261, 390; climbing, 112, 
cutting, Fig. 35; family, 385; hip, 161, 
Fig. 292; mallow, 373; -moss, 371, Fig. 
280; of Sharon, 62, 373; prickles, 109; 
swamp, 390; variation, 238. 

Rotate, 144, Fig. 242. 

Round-headed trees, 64, Figs. Ill, 112. 

Rubber, 249. 

Rubiacese, 426. 

Rubus, 380. 

Rudbeckia, 438, Fig. 557. 

Rue anemone, 357. 

Rumex, 350, Fig. 512. 

Runner: a trailing shoot taking root at 
the nodes, (56), 


Russian thistle, 1/0, 243, Fig. 114. 

Rust, 9i, 190, Figs. 352-357. 

Itutiibuga , 251 . 

Rutland beuaty. 412 
Hy. , 219; fi.. rer, 161, 152, Fig. 260; 
-poiliration, 138. 

Sage, oonouor, 401, scarlet, 110, '^01.' 
Salsify, 33, 434. 

•Salt loving societies, 328. 

Salvcrfonn, '44, Fig. 241. 

Salvia, 401. 

Samara: indoniscent winged pericarp, 
(312). 

Sambucus, 429. 

Sand-dune plants. Fig. 397. 

Sanguinaria, 303. 

Sap, 72; descent of, St; -pressure, 73, 
Saphroph.'*'te, 90, Figs. 133 35. 
Sapindaceai, 375. 

Saponaria, 354. 

Sassafras, 143. 

Savin, 327. 

Saxii’ragacea', 393. 

Saxifr^e, 270, 393. 

Sealariform: with elongated n^ark ngs, 
(440). 

Scaly bulb, 33. 

Scape; Icaflciss peduncle arising from be 
ground, (202), Fig. 200. 

Sclerenchyma, 267, 282. 

Sclerotic tissue, 282. 

Score-card, 254. 

Scramblers, 112. 

Scrophularia, 406. 

Scrophulariacoffi, 404. 

Scutellaria, 402. 

Seaweeds, 181, 185. 

Secondary thif kening, 291. 

. Sedges, leaves, 102. 

Sticd, coats, 171; ^'ispersal, 166; dormant, 
2; starch in, 31; -variations, 237. 
Sc'gments, 145. 

Selection, 239. 

Self-fertilization; secured by pollen from 
same flower; close-fertilization, (278). 
Self-heal, 402. 

Self-pollination: transfer of pollen from 
stamen to piotil of same flower; close- 
pollination, (278). 

Seneca snakeroot, 379. 

Senna, 385. 

Sensitive fern. Fig. 437. 

Sepal: one of the separate leaves of 
a calyx, (266), Fig. 209. 

Septicidal: dehiscence along the parti- 
tions, (317). 

Serrate: saw-toothed, (212). 

Service berry. 391 

Sessile: not stalked, (207), Fig. 201. 
Shadbush, 391. 
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Shade and plants, 223. 

Shadows in trees, 66. 

Sharon, rose of, 62, 341. 

Sheepberry, 429. 

Shelf fungus. Fig. 135. 

Shepherdia, hairs, 298, Fig. 469. 
Shepherd’s purse, 242, 368; capsule, 160, 
Fig. 286. 

Shoot: a new plant from root of old 
plant, (53). 

Shooting star, 422. 

Shrubs: plants that remain low and 
produce shoots from base, (15). 
Sickle-pod, 366. 

Sieve tissue, 280. 

Silene, 354. 

Silicle: short fruit of CrucifercB, (318). 
Silique: long fruit of Cruciferse, (318). 
Silkweed, 418. 

Silviculture. 257. 

Simple leaf, 95, Fig. 138. 

Simple pistil: of one carpel, (271), Fig. 
207. 

Simple stem. 15, Fig. 20. 

Sisyrinchium, 338. 

Skullcap, 402. 

Skunk cabbage, 149, 150, 233, 276, 327, 
Fig. 446. 

Sleep of leaves, 49. 

Slips, 23. 

Smartweed, 130, 143, 156, 230, 351, Fig. 
514. 

Smilacina, 333. 

Smilax of florists, 107, 333, Fig. 493. 
Smilax tendril, 115. 

Snakehcad, 406. 

Snapdragon, 145, 406, Fig. 243. 

Snowball, 131, 153, Figs. 264, 265; 

Japanese, 429. 

Snowberry, Fig. 287. 

Snowdrop, 336, Fig. 495. 

Snowflake, 337. 

Soapberry family, 375. 

Soapwort, 354. 

Societies, 228. 

Sod society, 231, Fig. 399. 

Softwood cutting, 23. 

Soil and plants, 209, 213. 

Solanaccee, 408. 

Solanum, 112, 248. 

Solidago, 442. 

Solitary flowers, 119, Fig. 181. 

Solomon’s seal, 18, 334; false, 333; two- 
Icaved, 333. 

Sonchus, 435. 

Soredia, 193. 

Sorghum, 139, 162, 260, 273, 276, Figs. 

20, 232-234. 

Sori, 9, 191. 

Sorrel, 166, 243, 350, Fig. 612. 

Sow thbtle, 436. 


Soybean, Fig. 126. 

Spadix: thick or fleshy spike of certain 
plants, (302), Figs. 198, 251. 

Spanish moss, 94. 

Spanish needles, 440. 

Spathe: bract surrounding or attending 
a spadix, (302), Fig. 251. 

Spattcrdock, 362. 

Spatulate, 99. 

Spearmint, 402, Fig. 543 

Species, 308. 

Specularia, 430. 

Speedwell, 408. 

Spencer, quoted, 240. 

Spermaphytes, 183. 

Spermatozoids, 197. 

Sperm-cell, 187. 

Sphagnum moss, 210, Fig. 374. 

Spider-lily, 301. 

Spiderwort, 264, 266, 335, Fig. 438; 
family, 334. 

Spike: compact, more or less simple, in- 
determinate cluster, with flowers sos- 
siile or nearly so, (250), Figs. 185, 186, 
197. 

Spikelet: a secondary spike; one of a 
compound spike, (306). 

Spikenard, false, 333. 

Spines, 108, 109, Fig. 168. 

Spiranthes, 341. 

Spirea, 392; inflorescence, 121, Fig. 193. 

Spirogyra, 185, 186, 201, 263, 265, Figs. 
340, 341. 

Spleen wort, 323. 

Sporangia, 186; of ferns, 179; stamens, 
129. 

Sporangiophore, 188. 

Spore: a simple reproductive body, usu- 
ally composed of a single detached cell 
containing no embryo, 5,. 92, (344), 
187. 

Spore-case, 179. 

Sporodinia, 189. 

Sporogonium, 195. 

Sporophyll, 183. 

Sporophyte, 181, 201. 

Spring beauty, 371. 

Spruce, 14, 15, 64, 98, 232, 325, Fig. 483; 
and light, 44; leaf, 102, 

Spruce, 162; cone, Fig. 298; seed, Fig. 297. 

Spurge, 110, 352; family, 351. 

Squash, 251, 289; fruit, 162, Fig. 296; 
germination, 171, 178; cell, 264, 265; 
leaf, 100; prickles, 109; root- pressure, 74. 

Squaw-vine, 427. 

Squirrel corn, 364. 

Stamen: pollen-bearin organ, (270), Figs. 
206, 209. 

Staminate: having stamens and no pis- 
tils, (274), Figs. 228-230. 

Stand, dissecting, 132, Fig. 217. 
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Stand for lens, 132, Fig. 214. 

Stapbylea, 378. 

Starch, 271; and aufear, 24ty, as pKnt- 
food, 64; dwcussed, 273, I'ig. 144; how 
made, 78, 85; storage of, 31. 


Star-grass, 337. 

Star of Bethlehem, 33i. 

Star-thistlo, 441. 

Sli'llaria, 3.55, Fig. 516. 

St ellate, 263, 298. ^ 

Stem; how '‘longates, lo; growt... bigs. 

2.5. 26: Mv.-'em, 13, Fig- 17; tubers, 32. 
Stemless plant.s, 14. 


Snoile flower: no .stamens 




Steven, quote^d, 30.4. 

Sticb-spod, 413. 

s^tiek-Light. Bill. 243. 413, Fig. tlS. 
Stigma, part of the pir^til v ’.jeh iveues 
the pollen, {272 ), Fig. 201). 

Stipel; stipule of a leaflet, (208). 

Stipule: a eertaiu basal appendage of a 
leaf, (206). 

St. Johri’.s-wort, 130, 371, Figs. 208. 27H; 


family, 370. 

St. Peter’s w'reatii, 392. 


Stock, .366. , . , , 

Stock: the part on which the won is 
grafted, (70). 

Stolon: a shoot which bends to the 
ground and takes root, (.56). 

Stoma, 301. Stomal, e, 79, 83, 88, 192, 


298, 301. 

Stone fruit, 101. 

Strawberry, 15, 20, 2.32, 24 J, 2ol, ,187, 
Figs. 533, .534; fruit, 160, 101, lug. 
291. 


Straw lily, 332. 

Strict stem system, 15. 

Struggle for <'xist(*ne.c, .52, 218. 

Strychnin, 271. . , 

Style: elongated part of the pistil j>e- 
tween the ovary and stigma, (272), 
Fig. 209. 

Stylophorum, 303. 

Suberin, 260. 

Subterranean stem, 15; propagation by, 


lO. 

Suckers, 54; of fungi, 91. 

Sugar, 270; cane, 250, 273, Fig. 428. 

Sulfur, 70. 

Sumac, 300; poison, 248, big. 422. 

Summer-spore, 190. 

Sundrops, 396. 

Sunflower. 3. 19. 233, 267, 439, lugs. 3. 4, 
23, 28; family, 431; inflore.scence, 

120, 150. 151. 153, Fig. 188; trans- 
piration in, 79. 

Sunlight and plants, 42, 88, 223. 

Supernumerary buds: more than one m 
an axil, (88). 

Survival of the fittest, 240. 


Sw'crm-spore, 186, 

Sweet alyssum, 160, 368, Fig. 519 
Sweet briar, 39' >. 

Sweei Cicely, o99. 

Sw.'-t t'jver, '43. 251, 383, Figs. 184, 
528. 

Swee>' p ’tiio, iO, 32, 412, Fig. 204, 

Sweet sulian, 143. 

Sweet l^illrun, 353, Fig. 515. 

Swot ing, 92. 

Sycamore, 2i'4; leaf-scar. Fig. * 74. 
Syn'biiisls, 193. 

Sv'mr>iocar])Us, 327. 

Sympodo. 117. Fig. 1^0. Sympodial: 
axial growth continued by successive 
lateral shoots, .17. 

Syngenesious: anthers united in a ring, 
(304). 

Syring", 39.5, 420. 

Table for laboratory work. Fig. 477. 
Tabular, 263. 

Tamarack, 320. 

'I'anucetum, 139. 

Tangle-berry, 424. 

T.uinin, 271. 

Tansy, 439. 

Tai>-root, 7, Fig. 8, 

Taraxacum, 434. 

Tare. 381. 

1'(!a plant, Fig. 90. 

Teasel, 3. 244. 

Teeoma, capsule. Fig. 285. 

Tiileutospore, 191. 

Tendrils, climbers, 112, 113, Figs. 176- 
177; roots as, 10; as leaves, 105. 
Terminal bud, 37, 50, Figs. 58-87. 
Terminal flowers, 119, Fig. 181. 
Terrestrial, 20'7. 

Teuerium, 402. 

Tlialictruir., 357. 

Thallophyte, 183, 185. 

'riiallus, 185. 

Thinning, 2.58, Figs. 432. 433. 

Thistle, 150, 109, 243, 441, Figs. 25.3- 
2.55; Canada, 19, 22, 242, 244, 441, Fig. 
409; Russian, 170, 243, Fig. 114; seed, 
108; inflon seence, 120. 

Thoms, 108, Figs. 104, 107. 
Thoroughwort, 444. 

Thuja, 326, Fig. 485. 

Thyrse: compound cluster with main 
axis indeterminate and branches deter- 
minate, (259). 

Tiarella, 393. 

Tickseed, 440. 

Tiers of branches, 56, Figs. 93, 94. 

Tiger lily, 21, 33, Fig. 31. 

Tillandsia, 94. 

Timber crop, 249, 256. 

Tissues, 278. 
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Toad-flax, 19, 22, 244, 405, Fig. 544; 
flower, 145; fruit, Fig. 281; pollination, 
137, Fig. 227. 

Toadstools, 187. 

Tobacco, 251, 271, 411. 

Tomato, 4, 75, 251, 410; fruit, 160; 
-potato graft, 28. 

Tooth-wort, 366, Fig. 266. 

Torus: part or organ to which the parts 
of the flower are attached; upper end of 
the flower-stalk, (268). 

Touch-me-not, 166, 375, Fig. 449. 

Toxylon, 347, Fig. 510. 

Trachekla, 281. 

Tradescantia, 264, 265, 266, 276, 335, 
Fig. 438; stomates, 299. 

Tragopogon, 434. 

Trailing stems, 14, Fig. 18. 

Transpiration: giving off of water, (157, 
166), Figs. 128, 129. 

Trees: plants that produce one main 
trunk and an elevated head, (15); 
and wind, 213, F'igs. 379-381; forms of, 
64. Figs. 111-113, 116-119; roots, 7. 

Trifolium, 382, Fig. 527. 

Trillium, 145, 233, 332, Fig. 244. 

Trimerous: in 3’s, (291). 

TropcBolum, 374. 

Trumpot-oreoper, 10, 113, 160, Figs. 12, 
285. 

Truncate: squared as if cut off, (211), 
Fig. 154. 

Trunk, form of, 65. 

Tsuga, 326, Fig. 484. 

Tuber: short ei^gested part, (78). 

Tuberose, 337. 

Tulip, 330. 

Tulip-tree, leaf, Fig. 154; seed, 168. 

Tumble-gras.H, 170. 

Tumble-weeds, 170. 

Tunicated bulb, 33. 

Turnip, 33, 251, Fig. 47; fruit, 160; 
root-hairs, 12; starch in, 31. 

Turtlehead, 406. 

Tussilago, 442. 

Twiners, 112, 115. 

Twin-leaf, 360. 

Type, 236. 

Ulmus, 346, Figs. 507-509. 

Umbel: corymbose cluster with branches 
of about equsl length and arising from 
a common point, (253). 

Umbellet: secondary umbel, (2,55). 

Umbellifcr®, 121, 122, 247, 397. 

Uncinula, 189. 

Undergrowth, 232. 

Undulate; wavy, (212). 

Uredospore, 192. 

Urtica, 348. 

Urtioaoen, 345. 


Utricularia, 71, 207. 

Uvularia, 332. 

Vacciniutn, 424. 

Vacuole, 264. 

Valves: separable parts of a pod, (312). 
Variation, 236. 

Variety, 236. 

Vascular, 263, 278, 282. 

Vase-form trees, 64, Fig. 112. 

Vaucheria, 186, 187, 263, Figs. 342, 343. 
Velum, 201. 

Velvet leaf, 373. 

Venation: veining, (203). 

Venus’ looking-glass, 430. 

Verbascum, 298, 405. 

Verbena, 403; cutting, 25, Fig. 37. 
VerbenacecB, 403. 

Vernonia, 445. 

Veronica, 408. 

Vertieillate: with three or more leaves or 
flowers at one node, (113). 

Vervain, 403; family, 403. 

Vetch, 251, 381; nodules on root, 78. 
Vetchling, 381. 

Viburnum, 429. 

Vicia, 381. 

Vigna, 384, Fig. 532. 

Vinca, 419. 

ViolaccsR, 369. 

Violet, 3, 233, 249, 369; cleistogamous, 
140, Fig. 236; seeds, 166; family, 369. 
Viper’s bugloss, 41,5. 

Virginia creeper, tendril, 113, 114, 117# 
Fig. 175. 

Virgin’s bower, 359. 

Wahoo, 294. 

Wake-robin, 332. 

Wallflower, fruit, 160; hairs. 298. 

V/alnut, 155; buds, 37, 138; inflorescence, 
121, Fig. 190. 

Wandering Jew, 335. 

Water arum, .328. 

Water cress, 367. 

Water hoarhound, 400. 

Waterleaf, 415; family, 415. 

Water-lily, 3, 98, 205, 207, 361; family, 
361; and mineral nutrients, 69, 75; 
fungi, 266. 

Watermelon, 251. 

Watersprout, 54. 

Wax-work, twiner, 115. 

Weeds, 220, 230, 241. 

Weigela, 61, 429. 

Wheat, 77, 152, 221, 242, 249, 250, 254; 
field, 68, 225, Fig. 384; flower, 151, Fig. 
259; germination, 173; inclusions, 276, 
Fig. 445; India, 350; starch, 274, 275; 
roots, 7; rust, 189, 190, Figs. 352-357. 
Whiteweed, 150, 242, 438, Fig. 189. 
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Whorl: three or more leases or flowers 
at one node, (113). 

Wild geranium, Fig. 195. 

Wild oats, 332. 

Willow: buds, 39, Figs. 80, 91; cuttings, 
21, 26; dicBcious, 138; expression in, 
66; inflorescence, 117. Fig. 229; leaf, 
99, Fig. 145; mildew, 189, Figs. 348- 
351; phyllotaxy, 48; pussies, 121, Fig. 
60; seeds, 168. 

Willow-herb. 394. 

Wilting, 80. 

Wind and plants, 138, 213. 

Windflower, 356. 

Winter bud, 36, 50, 61. 

Winter-cress, 366. 

Wintergreen, 424, Fig. 22; anther, 1?5: 
fringed, 140. 


^^’^iataria, 115. 380. 
Witch-hazel, 166. 
Wood-sorrel, 163, 374. 

Wood tissue, 281. 

Wo* id-' 8i,ruct,uro, 3. 

Xantliun. 436, F^g. 555. 
Xerophytio society, 228. 
Xylem, 283. 

Xyloi, 302, 303. 

Yarrow, 437. 

Yeas^., 263. 

Yew, fnat, 164. 

Zebrina, 335. 

Zone societies, 233, Fig. 408, 
Zygospore, 18& 
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